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ABSTRACT 


The quantitative effect of dimethyl sulfoxide on 
the transepidermal, intracutaneous absorption of 3H- 
labeled hydrocortisone has been measured using guinea 
pig skin. The amount of hydrocortisone absorbed intra- 
cutaneously was determined as a function of rest time 
and of dimethyl sulfoxide concentration. 

Several concentrations of dimethyl sulfoxide were 
employed and were found to produce a significant increase 
in the intracutaneous absorption of hydrocortisone at 
each of several rest times studied. Dimethyl sulfoxide 
appeared to produce its major effect on hydrocortisone 
absorption within two hours after topical application. 
Dermal levels of hydrocortisone decreased with increas- 
ing rest times when the hydrocortisone was applied with 
dimethyl sulfoxide. As the concentration of dimethyl 
sulfoxide increased, the rate of decrease of dermal 
hydrocortisone levels appeared to accelerate. Results 
support an in vivo mechanism for the penetrant action of 


dimethyl sulfoxide. 
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INTRODUCTION 


The intracutaneous absorption of a drug from a top- 
ically applied vehicle may be considered as the penetration 
of a. drug from the surface of the skin into the living 
epidermal and dermal tissues. This is opposed to percut- 
aneous absorption which includes intracutaneous absorption 
plus subsequent systemic absorption whereby the drug pene- 
trates from the living epidermal and dermal tissues into the 
circulatory system. 

The popularity of hydrocortisone in local dermal 
therapy has been well established. Unfortunately in topical 
therapy the ratio of absorbed to applied drug is usually 
very low. Therefore, it is of interest from a formulation 
as well as an economic point of view to increase the absorp- 
tion of hydrocortisone from a topical preparation. It would 
be desirable to obtain maximum intracutaneous absorption of 
hydrocortisone while at the same time keeping systemic ab- 
sorption to a minimum thereby avoiding the undesirable 
systemic side effects of hydrocortisone. 

One approach to improving intracutaneous absorption 
may be with dimethyl sulfoxide which has been used as a 
penetrant carrier in a variety of cases. However, the 
effect of dimethyl sulfoxide on intracutaneous absorption 
has not been clearly established as the majority of work 
on its penetrant effect has been done on its ability to en- 
hance percutaneous absorption. If the mechanism of dimethyl 


sulfoxide is through a carrier effect then the increase in 
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percutaneous absorption caused by dimethyl sulfoxide does 
not necessarily mean that there will be a subsequent in- 
crease in intracutaneous absorption. This results since 
dimethyl sulfoxide may simply carry the hydrocortisone 
through the skin into the systemic circulatiam. 

The primary problem in determining the effect of 
dimethyl sulfoxide on the intracutaneous absorption of 
hydrocortisone is to find a suitable method of measure- 
ment. Previous measurements have been performed system- 
ically. They indicate that relatively long rest periods 
and high concentrations of dimethyl sulfoxide are required 
before peemc cee hydrocortisone absorption occurs. There- 
fore, the main interest in the present work is to determine 
if dimethyl sulfoxide increases hydrocortisone absorption 
into the skin and to see if the magnitude of this increase 
can be detected at earlier rest times than established 
previously. Also, it is of interest to see if significant 
hydrocortisone absorption occurs with lower concentrations 
of dimethyl sulfoxide than have been reported to be nec- 
essary to enhance absorption. Therefore, these factors will 
be studied using a method which has been developed prev- 


iously for measuring absorption into the skin. 


a ; ay 


geob ebixotive fydtemib yd beswsb*tolsquoeds evosnsstaomeqy 
=tk snetpeedtte 5 sd ILiw oxats ges msom fin 
Ssoare adfuesx Bi tiT nea oaianee auosnasunsttad mi ——/ 
enosisro so mbyd atts Ytis° y fqunt's yen obkxotive ore? 
smbitseluouxzfs ofmad aye adj ojat nite end dpuords 

to sostis aft pnt minxste5 nt mefdorq y‘estiaq off 
to Aoivqroade suosastupsiiat Sct no ebtxotive fydsemis 
-siwesem to bodtom étdstion é bari ot ef enoefinovowbyd 
-mgseve bemxotisq assed svsd edaomaxvessm avoivexd .jnom 
aboixzeg tess pmol yfevitsiox ssi3 etsofbar yeat -yflsol 
bertidper sexs ebhixotiue [ydjemib to eaoLttsasasonol dpid. bas 
-9xsoeT .e10u590 no isqzeeds snoaftioso bys sascitinpte szoted 
snimset9b od et #xow tnseo1q edd nt teoistiar oism od 102 
mol + teats srioktesesb byt esessioal ‘abixotive iydvemib 32 
Sesoiont Bids to sbutinacsm ertd ti 96@ of Sas mbzte vents aa 
herlai{dstes asdt aemis yeox teifiss 35 hosted aa 
tasoitinpie ti eee o3 teexetai to ai 3 ,oelA .ylesorvesdq 
anoitsitmesnos xswol diiw axzusDo Sere enoat +xoD0 bya 


~pen sd ot beticges ased svsd mad sbixotfLue Lydjgemrib Yo 


[fiw exogosi sasdt+ ,srolsued? .noidquoeds Sonsine oF Yiseee 
~vsiq bagolsveb need esd dottw bottem s phieu bebbuses ed 
: m1 6), 








LITERATURE SURVEY 


A. HYDROCORTISONE 

Hydrocortisone, the most potent of the naturally 
occurring anti-inflammatory steroids (1) originally was 
isolated from an adrenal extract and described as sub- 
stance M by Reichstein in 1937 (2). It was later iden- 
tified in 1938 as compound F by Kendall (2). In 1950 
Wendler, Graber, Jones and Tishler (3) synthesized hydro- 
cortisone from cortisone. This resulted in an increase 
in the supply and use of hydrocortisone in therapy. 

Witten and Sulzberger (4) issued the initial report 
in 1952 on the therapeutic use of topical hydrocortisone. 
Since then the effectiveness of hydrocortisone in topical 
therapy for certain inflammations and selected dermatoses 
has been well established (4,5,6). It was suggested by 
Butler (7) that the effectiveness of topical steroids in 
the treatment of diseases of the skin seems to be related 
to the anti-inflammatory potency and to the rate and the 
route of penetration. This is conceivable since most 
diseases responsive to topical corticoids are primarily 


inflammatory diseases of the dermis (8). 


INFLAMMATION 

Inflammation has been described as a response to an 
injurious stimulus composed of a series of interrelated 
progressive phenomena which occur in the following order: 


localized cellular destruction; increased cellular perme- 
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ability and edema formation; stickiness of the endothelium; 
margination of leukocytes and, finally, entrance of non- 
aytochthonous cells into the injured tissue (9). It has 
been suggested that all of the events of acute inflam- 
mation can be explained by cellular injury resulting from 

a lack of stabilization of the cell membrane (10). Eyring 
and Dougherty (11) pointed out that this localized cellu- 
lar destruction results in cells primarily native to con- 
nective tissue. 

The principle cell type of connective tissue is 
represented by the fibroblast (10,12,13). Fibroblasts are 
responsible for tid biosynthesis of collagen (14) which is 
the chief supportive protein of connective tissue and the 
main fibrous protein of the dermis (15). As noted by 
Eyring and Dougherty (11) the degree of inflammation is 
enhanced by the autocatalytic destruction of fibroblasts. 
In this respect, the destruction of one cell adds to the 
amount of phlogogenic substance which leads to the destruc- 
tion of other cells. Various phlogogenic or inflammatory 
producing substances have been demonstrated. Lysosomes 
which contain hydrolases have been linked with various 
processes of autolysis and necrosis (16). Weissmann (17) 
proposed that if an. injury to a cell perforated, ruptured 
or in any way rendered the lysosomal membrane more per- 
meable there may be a release of these hydrolases result- 
ing in digestion of the parent fibroblast as well as sur- 


rounding cells. Other mediators of inflammation which 
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have been suggested are histamine (18,19,20), serotonin 
2 ees a, bradykinin: (18)23\,ekallikrein (24,25) and 
leukotaxine (26). Spector and Willoughby (22) reported 
that cell injury may cause activation of enzymes sit- 
uated on the mast cell membrane causing lysis of the 
cell wall and hence the release of histamine. Several 
investigators (18,19,20) feel that histamine is respon- 
sible for the vasodilatation and increased vascular per- 
meability observed after cell injury. These changes are 
probably the cause of the erythema and edema of inflam- 
mation (21). Increased synthesis of histamine by damaged 
tissue (22) or by longer acting mediators (27) may be the 
cause of delayed inflammation. Serotonin also was re- 
ported to be present with histamine in early inflammatory 
exudates and this may augment and prolong the effect of 
histamine in inflammation (22). Kallikrein has been shown 
to have the ability to increase capillary permeability (24). 
Leukotaxine, as well as increasing capillary permeability, 
has been reported to induce migration of leukocytes (26). 
According to Lewis (23) plasma kinins produce vaso- 
dilatation, increased vascular permeability, pain and, in 
higher concentrations, may cause the accumulation and mi- 
gration of leukocytes. He has suggested that these are 
the cardinal signs of the early stages of inflammation. 
Lewis (23) also has proposed a mechanism for the forma- 


tion of these plasma kinins as follows: 
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It also has been indicated by Lewis (23) that the hist- 
amine released immediately on injury increases vascular 
permeability which allows an excess of fluid into the 
interstitial space. This reportedly causes activation 
of a kinin forming enzyme causing an increase in the for- 
Matron of plasma Kinins (23). 

Cotran and Majno (28) suggest that histamine, 
bradykinin (a plasma kinin) and serotonin all combine 
to cause the blood vessels in the inflammatory foci to 
become abnormally permeable producing a histamine type 
leakage. 

From the work reported it would appear that the 


dermis is the primary site of cutaneous inflammation. 


ANTI-INFLAMMATORY MECHANISM OF HYDROCORTISONE 

As has been demonstrated by the above observations, 
inflammation appears to be a complex sequence of events 
dependent upon a wide variety of factors. Perhaps, for 
this reason, the exact mechanism by which hydrocortisone 


controls inflammation has not been clearly established. 
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Travis and Sayers (29) have reported that hydrocor- 
tisone has the capacity to prevent or suppress the devel- 
opment of the local heat, redness, swelling and tenderness 
by which inflammation is recognized at the gross level 
of observation. At the microscopic level it appears to 
inhibit not only the early inflammatory processes (edema, 
fibrin deposition, capillary dilatation, migration of 
phagocytes into the inflammed area and phagocytic activ- 
ity) but also the later manifestations (capillary pro- 
liferation, fibroblast proliferation and deposition of 
collagen and, still later, cicatrization) (29). Travis 
and Sayers (30) also noted that the anti-inflammatory 
effects seem to depend upon the direct local action of 
the steroid. The above view is supported by Dougherty 
and several other investigators (9,10,11) who point out 
that adrenocortical hormones do not inhibit the stimulus 
that initiates the chain reaction of inflammation. These 
workers contend rather that the above hormones exert 
their antiphlogistic effect by interrupting the chain 
reaction of cellular destruction that is triggered by the 
initiating stimulus. It has also been suggested by 
Travis and Sayers (30) that the anti-inflammatory prop- 
erty of the adrenocortical steroids derives from their 
effect on the metabolism of some type or types of cells 
participating adn the process of inflammation. According 
to Menkin (31,32,33) hydrocortisone also exerts its anti- 


inflammatory activity by acting at a cellular level. It 
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apparently does this by impairing the activity of the in- 
jured cell so that it becomes less effective in producing 
some if not all of the specific chemical factors involved 
in inflammation. 

Several groups of investigators (9,10,11) demon- 
strated that hydrocortisone tends to produce a rounding- 
up of fibroblasts thereby enhancing the resistance of 
surviving cells to the cytotoxic action of phlogogenic 
agents. Therefore, Dougherty and Eyring (11) and Dougherty 
and Schneebeli (9) propose that antiphlogistic hormones 
probably act by preventing cellular destruction by stabil- 
izing the eta state of the cell membrane. Dougherty 
and Schneebeli (9) furthermore have pointed out that 
fibroblasts which survive in an area of inflammation are 
usually of this "rounded-up" type. They also observed 
that hydrocortisone concentrated within the cytoplasm of 
the fibroblast or at the surface of the fibroblast (10). 
This concentration apparently is followed by a change in 
the structure and metabolism of the affected cell which, 
in turn, is correlated with a greater resistance to the 
process of destruction in the inflamed area(l10). 

The concept that the fibroblast is the primary cell 
involved in inflammation and that the fibroblast is the 
primary target cell of hydrocortisone activity is further 
substantiated by the observed structure-activity rela- 
tionship of anti-inflammatory steroids and their fibro- 


blast inhibiting ability (34,35,36). The following struc- 
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ture has been shown to be common to all steroids that 
have been demonstrated to have anti-inflammatory activity 
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Berliner and Ruhmann (35,36) and Berliner, Gallegos and 
Schneebeli (34) indicated a direct relationship between 
the structure of steroids, their fibroblast inhibiting 
potency and their ability to suppress inflammation. 
Although hydrocortisone has been reported to be the most 
potent endogenously produced anti-inflammatory steroid 
(1,37) it does not produce the maximum fibroblast inhib- 
iting activity (13). Maximum activity has been demon- 
strated when the hydrocortisone molecule possesses an 
addLuatonal. double bond, in, A, ring¢..6.CO 39 Cu dat itoro 
SUDStbLtLUCcLOnN, and a. l6,. 17, acetonide: structure. (13), to 
give fluocinolone acetonide which is possibly the most 
potent anti-inflammatory steroid (38). 

Weissmann and other investigators (39,40,41) repor- 
ted that hydrocortisone acts by stabilization of lysosomal 


membranes. They suggest that by doing so hydrocortisone 
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retards the release of hydrolases from the lysosomes and 
thus prevents these proteolytic enzymes from destroying 
celvs. = This’ MS=ineecontrastSwith-Eyring and@DoughertyetrL) 
and Dougherty and Schneebeli (9) who, as has been mention- 
ed previously, believe that hydrocortisone acts by stabil- 
ization of the cell membrane,” Therefore, it is not clear 
as to exactly where hydrocortisone exerts its stabilizing 
effect; on the membrane of the fibroblast, on the membrane 
of the lysosome or on the membranes of both the fibroblast 
and the lysosome. 

Another mechanism of hydrocortisone action has been 
reported by Schayer (20). He indicated that the principle 
Physiological yEunction of glucocorticoids in: inflammation 
would involve the vasoconstrictor effect as well as the 
moderation of the actions of histamine. Schayer (20) 
suggested that hydrocortisone by moderating the action of 
histamine would stabilize endothelial cells against changes 
due to induced histamine. 

The ability of hydrocortisone to control inflamma- 
tion by preventing the release of active kinin or by pre- 
venting the interaction between kallikrein and its sub- 
strate has been proposed by Cline and Melman (42). 

As well as the controversy surrounding the exact 
mechanism of hydrocortisone in controlling inflammation, 
the form of hydrocortisone which is active may also be in 
doubt. This arises since connective tissue has been shown 


to metabolize hydrocortisone (38,43,44). In this respect, 
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Dougherty and Schneebeli (9) have indicated that none of 
the metabolites have any significant anti-inflammatory 
effect with the exception of cortisone which they obser- 
ved was only 1/77 as effective as hydrocortisone. 
Regardless of the form of hydrocortisone which is 
active or the exact mechanism by which hydrocortisone 
acts, it has been fairly clearly established that hydro- 
cortisone exerts its anti-inflammatory effect in the derm- 


al tissue. 


HYDROCORTISONE ABSORPTION 

The mechanism of the intracutaneous absorption of a 
drug may be interpreted as the process involved in effec- 
ting the penetration of a drug from the surface of the skin 
into the living epidermal and dermal tissues. There ap- 
pears to be general agreement that the majority of drugs 
are absorbed by passive diffusion (45,46) and that the 
degree of absorption is primarily a function of the com- 
bined properties of the drug preparation and of the skin 
(46,47,48) . 

The majority of reports on drug absorption indicate 
that the routes by which drug molecules can be absorbed 
intracutaneously are through the intact epidermis (trans- 
epidermal) and through the skin appendages (45,46,49,50). 
These potential avenues have been presented by Griesemer 
(47). 

Transepidermal absorption requires that the drug 


encounter the surface film and then progress through the 
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intact epidermis. The surface film is lipid in nature 
and is composed of sebum, sweat, desquamating stratum 
corneum and is weakly acidic in nature (51). This lipid 
surface film combined with the lipids in the superficial 
tissues of the epidermis present a lipoidal barrier. 
Depending on the effectiveness of such a barrier the 
absorption of lyophilic molecules would be enhanced 
through this region while the absorption of hydrophilic 
molecules would be resisted. It is believed that the 
lipids in the epidermis do piay an important role in 
this respect (45,47,52). However, as both Rothman (53) 
and Malkinson (54) have pointed out, the importance of 
the surface film as a lipoidal barrier is probably over- 
emphasized. The continuous sloughing off of keratin and 
the presence of emulsifiers such as cholesterol in the 
sebum likely result in the surface film being a discon- 
tinuous film rather than an occiusive barrier. 

Beneath the surface film is the stratum corneum 
which is composed of lipids and dead cells consisting 
largely of keratin, a hygroscopic, sulfhydryl-containing 
protein (47). The overail epidermis varies in thickness 
from 1/200 to 1/20 of an inch and is composed of five 
layers; the stratum corneum, the stratum lucidum, the 
stratum granulosum, the stratum spinosum and the stratum 
germinativum which is located immediately above the derm- 
be-aC55) . 


It is the stratum corneum, the horny surface layer 
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of the epidermis, which receives the most support as being 
the chief barrier to intracutaneous absorption via the 
transepidermal route (56,57,58). Malkinson (59) demon- 
strated that this stratum corneum is the major barrier 

to the penetration of glucocorticoids. Feldmann and 
Maibach (60) agree that the stratum corneum is the maj- 
or barrier although they also suggested that the mal- 
pighian layer (stratum spinosum) in the epidermis may 

act as a second barrier to the intradermal absorption of 
hydrocortisone. Several investigators (60,61,62,63) have 
postulated that, as well as acting as a barrier to hydro- 
cortisone, the horny layer also acts as a reservoir for 
topically applied hydrocortisone. Malkinson (63) and 
Malkinson and Ferguson (61) pointed out that the excre- 
tion pattern of hydrocortisone suggests that following 
initial absorption a depot persists in this area which 
steadily releases small amounts of hydrocortisone for 
many days. The existence of a depot possibly accounts 
for the relatively slow and prolonged absorption of top- 
ically applied hydrocortisone. This thinking is sup- 
ported by Feldmann and Maibach (8) who demonstrated that 
the absorption rate of topically applied hydrocortisone 
was about 0.016 per cent of the applied dose per hour 
with a maximum absorption rate of about 0.023 per cent 
per hour during the second 12 hour period after appli- 
cation. In another report they indicated that maximum 


absorption occurred on the second day when 0.080 per 
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cent of the applied dose was excreted as compared to 
0.011 per.cent.on the tenth day (60).. It should be noted 
that results reported by Feldmann and Maibach (8,60) are 
based on absorption of hydrocortisone through the skin. 
Therefore, their approach measures the amount of hydro- 
cortisone absorbed systemically and does not indicate 
whether hydrocortisone absorption occurred into the der- 
mis nor at what rate. 

The proposed mechanisms by which the stratum 
corneum serves as a barrier also vary. Rein (64) orig- 
inated the concept of the barrier being electronegative 
thereby weetee ee cations and repelling anions. MTregear 
(45), on the otherhand, conceived the resistance of the 
barrier to be a physical property of the dead, keratin- 
ized cells in the stratum corneum. The effectiveness 
of this barrier zone appears to vary with age and also 
varies over different parts of the body. For example, 
Feinblatt et al. (65) observed that approximately 21 
per cent of topically applied hydrocortisone was absorbed 
through the skin of children. In contrast, other inves- 
tigators (66,67,68) have shown that one per cent or less 
was absorbed when applied to adults. According to Feld- 
mann and Maibach (69) hydrocortisone was absorbed to a 
much greater extent from the scrotum than from other 
areas of the body such as the palm and foot arch. These 
results indicate that the amount of hydrocortisone de- 


creased as the thickness of the stratum corneum increased 
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with age and body location. This suggests that the stra- 
tum corneum probably acts as a physical barrier to hydro- 
cortisone absorption. 

Some investigators (70,71) supported the skin 
appendages as avenues for penetration but other workers 
(72,73,74) have discounted their effectiveness in this 
respect. There are numerous supporters for the trans- 
epidermal route as the primary pathway for absorption 
CAPRIS 77] OPTT 

From these reports it appears that the stratum cor- 
neum is the major barrier to transepidermal absorption and 
that this barrier is probably physical in nature. Since 
hydrocortisone absorption appears to be proportional to 
the thickness of the stratum corneum and since the stratum 
corneum serves as a depot for hydrocortisone absorption it 
would appear that the transepidermal route is probably the 
major pathway for the intracutaneous absorption of hydro- 


cortisone. 


B. DIMETHYL SULFOXIDE 
CHEMICAL AND PHYSICAL PROPERTIES 
Pure dimethyl sulfoxide is a colorless, odorless, 


ordanic. Liquid (55,79) with thesfollowing structure. 
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It has a higher specific gravity and is slightly more vis- 
cous than water (78). The sulfur-oxygen bond in dimethyl 
sulfoxide is quite polar giving it a dielectric constant 
of 46.7 (79). This is relatively high, as methanol has 
gmcielecemicaconctant of 33..7).(80) - Dimethy) sulfoxide 
has been shown to be completely miscible in all propor- 
tions with water and most organic solvents (78). It also 
is a versatile solvent, dissolving many inorganic and 
organic compounds (81,82,83). For example, one ml will 
dissolve 250 mg of hydrocortisone (84). As well, it has 
the ability to form metallic chelates (85) and complexes 
with metallic saits (85,86). Dimethyl sulfoxide is very 
hygroscopic, absorbing greater than 70 per cent of its 


own weight of water from air (87). 


THERAPEUTIC APPLICATIONS 

Dimethyl sulfoxide was first synthesized by Alex- 
ander Saytzeff in 1867 (83). This compound remained 
relatively obscure until the 1940's when it was success- 
fully used as a solvent for the spinning of polyacronitrile 
fibres (83). The initial "medicinal" application was as 
a preservative in plasma and whole blood preparations to 
prevent cell damage during freezing (88). Clinical stud- 
ies on dimethyl sulfoxide commenced in the United States 
in October of 1963 (89) with the first reports on its 
pharmacology and therapeutic value being published in 1964 
G90. Saleen 


On November 11, 1965, the United States Food and 


i 


- : ” 
~- OL = tee 







-aiv otom ylidpila ei one ysivedy pitiosdes sorpid 6 eet, 
Iydgemib ai Bred nepyxe-xwtive, ed? . (BY) 1sjsw oedit auod 


, 


toistenoo pixtinosloeth s ti paivap aslog sxiup as ehixotiag =~ 
esi Lonsitem es ,dpid ylevissisx ef eidt, . (eT) T.d8 to. 


ebixoiive Iyddoemia . (08) V,€E& io dnstenoo ofatooleib. « n 
~xogo1g [fs nt sldioeim yfletefamos ed oF awode néed esd 
oals 31 .(81) edasvloe oinspxo daom brs tedsw dgiw anole 
bas noinsprent ynsm paiviorakp .tnevice silise1zev 6 et 
[fiw Im snoislamsxs tot . (68,S8,18) ebmuoamos o£ 18p 30 
es sit ,fiew eA .(S8) smoeisaosoxbya 30 pm Ces svloeaib 
aexsigmos bis (@8) esteied> oi ietsm mat of yotiids eng 
Yi9v ai ebixoiiue Iydtemid . . (68,28) atise olifesen agiw 
ett jo sneo 1sq O! nso ssfsexp patdiceds \Sigopseagyl 


(98) afs mos? xetsw fo sdetew awo 


eVMOTTADIUIIA OITUaTAREET 
~xelA yd besiesdtnye text @sw sbhixoiiue {ydsemia | 
henismet Hnvogqmon eifT ,(€8) Vest at dtesdyeb rebre -_ 
-sas22ve esw ti nedw 2'OhCL sft Litne euvpedo visvidaten 


elixtinorssyloqg to poinniae sit xyot gnevloe s a6 boas yitud a 


85 asw noissnilqds “{saloibem’ Isitint ed? (08) hyniy a) 
ried cia ala hoolkd elonw hag ae ovirerseeeg s ‘ai 





= 47 


Drug Administration (F.D.A.) recalled the New Drug appli- 
cation of dimethyl sulfoxide discontinuing clinical 
research on humans (85). This resulted because of reports 
of adverse effects of the drug on the eyes of experimental 
animals which received relatively large doses of dimethyl 
sulfoxide orally for long periods of time (92). Changes 
in the refractive index and lens changes were shown to 

be the adverse effects (93). A partial resumption of 
clinical testing was permitted by the F.D.A. on December 
23, 1966 (89). On September 10, 1968 the F.D.A. allowed 
the resumption of the short term use of dimethyl sulfoxide 
(93). They suggested that the topical application of not 
more than one Gm per Kgm body weight for not more than 14 
consecutive days would be reasonably safe. 

Jacob, Bischel and Herschler (90) “In ‘their “initial 
report on the potential of dimethyl sulfoxide as a medic- 
inal agent suggested uses for it as: 

(a) penetrant carrier 

(b) local analgesic 

(c) anti-inflammatory adjunct 

(d) bacteriostatic agent 

(e) diuretic 

(fee tranquilizer 
Its value as an analgesic, anti-inflammatory adjunct, 
bacteriostatic agent, diuretic and tranquilizer is quite 
controversial since dimethyl sulfoxide appears to offer 
little or no value over standard therapy in these areas. 


However, its use as a penetrant carrier to enhance the 


absorption of other molecules has received a great deal 
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ef attention. Claims ranging from no effect to a 25 fold 
increase in skin penetration of some compounds in the 
presence of dimethyl sulfoxide have been reported. This 
enhancement in skin penetration would probably be of inter- 
est in dermatology since the skin barrier appears to cause 
the ratio of absorbed to applied drug to be very low for 
the vast majority of compounds. 

Although dimethyl sulfoxide has been shown to in- 
crease the percutaneous absorption of many compounds not 
all appear to be affected in a similar manner. For example, 
certain studies have demonstrated that the penetration of 
thiopental (94), d-tubocurarine (94) and trypan blue (95) 
are not affected. Kastin, Arimura and Schally (96) repor- 
ted that the absorption of vasopressin, melanocyte stim- 
ulating hormone and adrenocorticotropin were not enhanced 
to a significant degree. Groel (97) has observed that 
triamcinolone acetonide is no more effectively absorbed 
from dimethyl sulfoxide than from a cream base. This is 
contrary to the results obtained by Stoughton (98). These 
varying observations by Groel and Stoughton probably re- 
sult because of the different methods of analysis employ- 
ed by each. 

It was first noted by Jacob, Bischel and Herschler 
(90) that 15 per cent aqueous solutions of dimethyl sul- 
foxide instilled into the bladder of a dog greatly enhan- 
ced the penetration of sodium salicylate, sodium sulfa- 


diazine, Evans blue dye and sodium heparin, as judged by 
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Dloocdstevels. ocince this Initial observation, a wide 
variety of compounds have been shown to penetrate bio- 
logical membranes (especially skin) to a greater degree 
in the presence of dimethyl sulfoxide. 

Inorganic compounds such as mercuric chloride (99), 
picrate ion (100) and the antiperspirant agent aluminum 
chloride (81) have all resulted in better absorption in 
the presence of dimethyl sulfoxide. Kligman (81) reported 
that methylene blue and tetrachlorosalicylanilide, a bril- 
liant fluorescent dye, penetrated the skin more freely 
when applied with dimethyl sulfoxide. A variety of chemo- 
therapeutic agents such as declomycin (81), griseofulvin 
(101), penicillin G potassium (102) and 6-mercaptopurine 
(103) were also absorbed to a greater extent. Stoughton 
and Fritsch (104) in studies on the influence of dimethyl 
sulfoxide on human percutaneous absorption showed the 
absorption of hexopyrronium bromide, a quaternary compound, 
and naphazoline hydrochloride to be increased 25 times. 
Soman (105,106), an organophosphorous anticholinesterase, 
and salicylic acid (107), a keratolytic agent, were also 
observed to have increased skin penetration ability when 
administered with dimethyl sulfoxide. 

Increased penetration also has been demonstrated 
for a number of steroids. Feldmann and Maibach (66,67) 
in two separate studies have shown percutaneous penetra- 
tion of testosterone to be increased from 3.5 to 4 times 


with dimethyl sulfoxide. Such an increase in the absorp- 
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tion of testosterone has also been reported by Kligman 
(81). Estradiol (108) and its benzoate salt (109) have 
been transported through the skin barrier in increased 
quantities when applied with dimethyl sulfoxide. Fluo- 
cinolone acetonide (98,104), triamcinolone acetonide (98) 
and cortisone acetate (108) have all shown increased 
absorption in the presence of dimethyl sulfoxide. Prob- 
ably the greatest potential for dimethyl sulfoxide as a 
penetrant carrier lies in this area with its apparent 
ability to enhance the penetration of glucocorticoids 
through the skin barrier. This would be of significant 
importance as dimethyl suaceeaae may enhance the intra- 
cutaneous absorption of glucocorticoids thereby making 
them more available to exert their anti-inflammatory ac- 
tion in dermal tissue. This enhanced penetration of 
glucocorticoids in the presence of dimethyl sulfoxide also 
may be of value monetarily. Since the ratio of absorbed 
to applied glucocorticoid appears to be extremely low, 
this enhanced penetration could lead to a reduction in 
the dose of glucocorticoid applied topically and hence re- 
duce the cost of these steroid preparations. 

It has been pointed out by Sulzberger et al. (110) 
that substances incorporated in dimethyl sulfoxide can 
very rapidly penetrate into and be deposited in the horny 
layer of the skin and thus form a depot in this area. 
Stoughton (111) has demonstrated that dimethyl sulfoxide 


enhanced the deposition of 14c¢_1abeled hexachlorophene in 
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the horny layer from 5 to 25 times, thus increasing the 
bacteriostatic effectiveness in this layer of the skin. 
He observed that the reservoir remains at a measurable 
level for four or five days and that this induced res- 
ervoir of hexachlorophene can be almost completely re- 
moved by stripping off the stratum corneum. Dimethyl 
sulfoxide has also been shown to increase the retention 
of some steroids in the stratum corneum resulting in the 
formation of a reservoir. According to Smith and Allison 
(109) a portion of the estradiol-17- 9 -benzoate adminis- 
tered in dimethyl sulfoxide may have been retained in a 
reservoir in the stratum corneum. Stoughton (98) suggests 
that within five minutes after the topical application of 
glucocorticoids in dimethyl sulfoxide a reservoir in the 
stratum corneum is saturated with these glucocorticoids. 
One minute of exposure to 0.1 per cent triamcinolone ace- 
tonide in 90 per cent dimethyl sulfoxide was found suffic- 
ient to prevent the removal of the steroid from the skin 
by washing with soap and water (81). The above observa- 
tions suggest that the stratum corneum may preferentially 
retain certain compounds thereby decreasing their rate of 
absorption and prolonging the period over which they are 
absorbed. This retention of compounds in the stratum corn- 
eum supports the belief that this area of the skin serves 
as the barrier to transepidermal absorption. Therefore, 
if dimethyl sulfoxide can break down this barrier dermal 


absorption should be expected to increase. 
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MECHANISMS OF DIMETHYL SULFOXIDE IN ENHANCING ABSORPTION 

The exact mechanism by which dimethyl sulfoxide en- 
hances penetration of the skin by drug molecules is not 
apparently known, although many theories have been put 
forth. The only principles regarding its mechanism on 
which there appears to be fairly consistent agreement are 
that relatively high concentrations of dimethyl sulfoxide 
are required to increase absorption to any degree (100, 
110,112) and that the effect of dimethyl sulfoxide on the 
skin is reversible (90,112,113). The ability of dimethyl 
sulfoxide to produce a temporary effect on the skin barrier 
is significant since permanent alterations in the barrier 
properties of the stratum corneum due to dimethyl sulfoxide 
would not be desirable. 

Baker (113) has suggested that the speed with which 
barrier suppression is produced implies a direct effect of 
the solvent on the stratum corneum. Although it has been 
generally felt that dimethyl sulfoxide does exert its 
effect by acting on the stratum corneum to alter its bar- 
rier properties, Sulzberger et al. (110) have demonstrated 
that absorption may occur via the hair follicles. When 
working with hairless mice, Sweeney, Downes and Matoltsy 
(114) noted that the rate of passage of water through the 
skin was increased 90 times by the presence of 90 per cent 
dimethyl sulfoxide. These observations indicate that hair 
follicles may be a secondary pathway for dimethyl sulfoxide 


but that these follicles do not appear to be the major 
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route in the enhancement of absorption by dimethyl sulf- 
oxide. Exactly how it enhances absorption is quite con- 
troversial. 

Many investigators (110,113,115) postulated that 
since dimethyl sulfoxide is highly hygroscopic it in- 
creases the hydration of the stratum corneum. They sug- 
gested that this hydration decreases the capacity of the 
stratum corneum to act as a barrier and thus increases 
absorption. Block (83) proposed that dimethyl sulfoxide 
does so by picking up moisture from surrounding tissue 
thereby increasing the moisture content of the micro- 
environment of the dimethyl sulfoxide molecule which 
allows for a more rapid absorption through the skin. 

Some investigators (107,115,116,117) have suggested 
that dimethyl sulfoxide dehydrates rather than hydrates 
the stratum corneum due to its hygroscopicity. It has 
been reported by Baker (115) that this would alter the 
physical-chemical state therefore modifying the barrier 
and allowing molecules to pass through. Stelzer, Calaizze 
and Wurdock (107) proposed that such dehydration would 
increase the penetration of lipid soluble drugs and would 
have the reverse effect on water soluble drugs. This 
view is somewhat contradicted in that the penetration of 
some water soluble drugs has been shown to be enhanced by 
the presence of dimethyl sulfoxide (81,99,100). 

The ability of dimethyl sulfoxide to extract fat 


from the skin as well as hydrate it has been indicated 
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(110,116). Due to its exceptional solvent powers, dimethyl 
sulfoxide may solubilize the lipoidal material of the 

cell walls and thereby increase its passage as well as 

the passage of dissolved drug through the skin barrier 
CLOW) a. 

It has also been proposed that increased cutaneous 
permeability induced by dimethyl sulfoxide resulted from 
modification, and perhaps, dissolution of the keratin con- 
tent of cells.(118).. 

Levine and Pelikan (119) indicated that ethylene- 
diaminetetraacetic acid (EDTA) causes increased absorption 
through biological membranes by the removal of calcium 
from these membranes. They pointed out that the presence 
of calcium increases the proximity of adjacent molecules 
thereby decreasing permeability through solidification of 
the membrane. Therefore, the fact that dimethyl sulfoxide 
is able to form metallic chelates may be a factor to 
consider in the explanation of demonstrated increases in 
absorption rates of various compounds (83). 

The "lipoperoxide permeability of membranes" hypothe- 
sis has been proposed by Muset and Martin-Esteve (120). 
This hypothesis states, that when an unsaturated fatty acid 
is autoxidated or peroxidated a shift in double bonds 
takes place together with a modification of geometric 
isomerism. They postulated that since dimethyl sulfoxide 
has the capacity to modify the stereoisomerism of fatty 


acids it may, by this modification, increase the permeabil- 






1 i ae TE eh 
; an es ae’ “AG im in 5 7 
- 7 te) 


(yddemib ,ervewoq tnevioe [sani tqengs, edt. ot eud) 2 




















demic 
stit 20 Istuetem ipbiogil. oft seiipdnlos yam sbhimative 


ee i 
7 ‘ _ 
es [low es spSeesq esti sassuonl ydeteds bas allew. tee 
; a 
tyvusd atte edd dpvoxs pub Bevo esib to eprassg oft 
‘ ; aay 
| + (TOL) 
f ; ” . 24 q 
neju> beassxzoni tert bseoqougq-ased ocels.esA 3I 
xt bedtiuve € ebiroiive rite web yd besubnar +d o£ Lidsomxeq — 


tuloerib eqsdizeg nicidinnimagaema 


snsivdts tect betsotbai (CLL) asdtile®d bas enivad 
seus (ATCH) bios obdsossutetentmstd 
mutols3 svomex eit vd esastdmani poloid maneads * - 


o9i6idmem. seeds most a 


= 
va 
~ 
4 
i 
“ 
4p 
+ 
% 
Ee 


seluosilom tnecstbs to ytimixoxg srit esesezont mukoleo to. i 


io moist biloe dpyosdt veilidsemxed putes ex59b ydouadt 
sbix > tsit tos? att ,axctsusdT .ensadmem end 


aesisleia sillatem miot of elds.el 
nt esesestoni. bsssxsenomsb. to noltsasigxs eds ai xabienoo 
; oS a 
(£8). ebnsoqmen evoiisvy to eseesex robtaxoads. 
~arizogyd “sone xditem! 3c ysilidsemxeq shixorsqogil i aad ‘e 


ef OSL) eveted~ait3asM bois tesumM yd itt tre ased esd. a 








bids YII52 betswiseqnu as nerlw etait 1304 
7 


“4 pee eidvob at $tide s -betsbixous 





ajemoep to. sok gst bast dtiv 
- = : 4 i] _* | | 


Ue ja ydtemib 3 2 
a ies ; 








we 25) = 


ity of the lipoidal layer of the skin. 

Sulzberger et al. (110) noted that there was an 
abrupt fall off in dimethyl sulfoxide's capacity to en- 
hance penetration in concentrations below 70 per cent. 

In these high concentrations of dimethyl sulfoxide 
microscopic aren eds by Montes et al. (121) has shown 
tissue damage. They demonstrated that the horny layer 
underwent separation from the underlying granular cells, 
that most of the cells lost their contents and that the 
spaces between the cells which were normally empty became 
enlarged and distended. This enlargement and distension 
of the intercellular spaces is possibly edema which is 
probably due to the hygroscopic nature of dimethyl sulf- 
oxide. Edema was noted by Skog and Wahlberg (122) as the 
dominant change in the skin after the application of 80 
per cent dimethyl sulfoxide. They suggested that the edema 
was a result of a manifest effect of dimethyl sulfoxide on 
the blood vessels either indirectly by the liberation of 
histamine or by a direct effect of dimethyl sulfoxide on 
the vascular walls. 

Wright and Winer (123) observed an increase in thitck— 
ness of the stratum granulosum and stratum malpighii. 

This increase in thickness may be due to edema or to swel- 
ling of the protein fibres of the skin which could be the 
result of edema. It has been indicated by Elfbaum and 
Laden (124) that dimethyl sulfoxide may cause a swelling 


or expansion of the protein fibres in the skin which they 
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have suggested may result in enhanced percutaneous pene- 
tration. It was also noted by Elfbaum and Laden (100,124) 
that there was no marked increase in fibre swelling and 
absorption until relatively high concentrations of dimethyl 
sulfoxide were used. Rammler and Zaffaroni (112) agree 
that dimethyl sulfoxide exerts its effect by its action on 
skin protein. It has been postulated by them that the 
permeability of dimethyl sulfoxide through the protein 
barrier of the skin, whose conformational integrity is 
dependent upon bound water, is the result of reversible 
configurational changes of these proteins because of water 
substitution by dimethyl sulfoxide. They suggested the 
following: that major configurational changes occurred 
with concentrations of dimethyl sulfoxide between 60 and 
70 per cent; that the configurational alteration is ap- 
parently reversible after removal of dimethyl sulfoxide 
and that the effectiveness of dimethyl sulfoxide in regard 
to changing the configuration of proteins appears to be 
related to its size and capacity to substitute for or bind 
with water in addition to affecting other hydrogen bonded 
structures. It has also been pointed out by Rammler and 
Zaffaroni (112) that the dimethyl sulfoxide hydrate con- 
tains 2 M of water and is formed exothermically. They 
indicated this suggests that the most effective concentra- 
tion of this substance for topical application,. barring 
water evaporation after application, is greater than 67 per 


cent. With increasing concentrations of dimethyl sulfoxide 
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they feel that the heat of hydration would assist’ in in- 
creasing the rate of diffusion across the epidermis and 
that the most effective concentration for topically applied 
dimethyl sulfoxide is 90 per cent. 

The above observations suggest that dimethyl sulf- 
oxide acts primarily by altering or damaging the integrity 
of the skin barrier. This is disputed by Kligman (81) 
who suggests that dimethyl sulfoxide does not affect per- 
meability by violating the structural integrity of the 
horny layer. According to him, since the horny layer must 
be nearly saturated with dimethyl sulfoxide in order to 
achieve significant penetration, the drug is conducted 
through this barrier by remaining dissolved in a contin- 
uous channel of dimethyl sulfoxide which occupies the 
internal spaces of the horny layer. A similar mechanism 
has also been postulated by Misch and Misch (125). 

According to Jacob and Wood (92), Franz and Van 
Bruggen (126) and Jacob, Wood and Brown (89) dimethyl sulf- 
oxide by its own passage through membranes influences the 
movement of other compounds into the skin. This mechanism 
is similar to the "carrier mechanism" proposed by Morain, 
Replogle and Curran (127) and Jacob, Bischel and Herschler 
(91) whereby dimethyl sulfoxide would carry other molecules 
through the skin barrier. Jacob, Bischel and Herschler 
(91) have listed some pertinent facts believed to have a 
bearing on the "carrier mechanism" which include the fol- 


lowing: dimethyl sulfoxide displays exceptional ionizing 
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powers when solutions of organic and inorganic compounds 
are considered; many organic compounds form complexes 
with dimethyl sulfoxide which would tend to show increased 
polarity and metallic salts form complexes with dimethyl 
sulfoxide, many of which are hygroscopic. Block (83) 
suggests that in the first two instances it is difficult 
to see how an increase in polarization would result in 
increased penetration through a biological membrane. As 
he pointed out, it is generally accepted that the less 
polar the molecule the more easily it passes across such 
a membrane. According to Block (83), passage across a 
biological membrane may be hastened by the formation of 

a transition-complex which readily dissociates into the 
original molecule and the carrier but, complex formation 
prior to reaching the membrane surface would tend to pre- 
clude transfer across the membrane. He further suggests 
that complex formation may allow the drug to reach the 
site of absorption more readily. If the salt complexes 
formed are hygroscopic one must also consider whether or 
not the shell of hydration about the complex! decreases 
the permeability and absorption due to an increase in ap- 
parent volume of the complex (83). Elfbaum and Laden 
(124,128) indicated that dimethyl sulfoxide does not act 
by this "carrier mechanism". They demonstrated that 
picrate ion and dimethyl sulfoxide were transferred in- 
dependently of each other therefore suggesting that di- 


methyl sulfoxide does not act by a direct carrier effect 
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or by active transfer. 

With all of the controversy as to the mechanism of 
dimethyl sulfoxide in enhancing absorption, it appears 
generally that dimethyl sulfoxide influences the stratum 
corneum barrier. Its ability to reduce this barrier prob- 
ably has more support than does the carrier mechanism. 
Regardless what the mechanism of dimethyl sulfoxide may be, 
the majority of reports indicate that large concentrations 
of dimethyl sulfoxide are required to influence percutan- 


eous absorption. 


C. EFFECT OF DIMETHYL SULFOXIDE ON TOPICAL HYDROCORTISONE 
ABSORPTION 


Since hydrocortisone appears to exert its primary 
anti-inflammatory effect in dermal tissue, the importance 
of an increase in its absorption into this area would seem 
to be considerable. Therefore, if dimethyl sulfoxide can 
enhance the intracutaneous absorption of hydrocortisone, 
the value of dimethyl sulfoxide in the topical therapy of 
inflammation may be of significance. 

Berliner and Ruhmann (36) in their work have noted a 
certain degree of synergism between dimethyl sulfoxide and 
corticosteroids. They indicate that dimethyl sulfoxide 
could be an important tool for potentiating the biological 
effectiveness of steroids at the cellular level. They re- 
ported that dimethyl sulfoxide reversibly depressed the 
growth of fibroblasts. As has been mentioned earlier, 


hydrocortisone is reported to be the most potent fibroblast 
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inhibitor among the naturally occurring corticosteroids 
(37). It has been shown by Gries et al. (129) that the 
treatment of rabbit skin with dimethyl sulfoxide results 
in a decrease in collagen breakdown, a decrease in the 
synthesis of collagen and a decrease in the synthesis of 
mucopolysaccharides. They also noted that antiphlogistics 
caused a decrease in the synthesis of collagen and muco- 
polysaccharides. 

Weissmann, Sessa and Bevans (130) have suggested 
that dimethyl sulfoxide makes hydrocortisone more available 
to lysosomes in vivo thereby lowering the effective concen- 
tration of hydrocortisone necessary to stabilize the 
lysosomal membrane. The ability of hydrocortisone to 
stabilize lysosomal membranes and, by doing so retard the 
release of hydrolases from these lysosomes thus preventing 
these proteolytic enzymes from destroying cells, has been 
discussed previously (see p. 9). 

These observations suggest that dimethyl sulfoxide 
may have a synergistic effect on the action of hydrocor- 
tisone as well as increasing the penetration of hydro- 
cortisone into the skin. This two fold effect would 
therefore enhance the value of dimethyl sulfoxide as a 
vehicle in the topical application of hydrocortisone. 

Although this dual effect must be considered in 
identifying the value of dimethyl sulfoxide in hydrocor- 
tisone topical therapy, the major effect of interest in 


the present work was to evaluate the penetrant effect. 
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This approach was of primary interest since it was de- 
sired to determine the penetrant effect of dimethyl sulf- 
oxide on hydrocortisone froma pornelation point of view. 
The ability of dimethyl sulfoxide to enhance the 
absorption of hydrocortisone when applied topically has 
been well established. Work by Maibach and Feldmann 
(667,67 n0cn13 Lesindicatted that ai.5 toya 5 fold sincrease 
in the absorption of hydrocortisone resulted when the 
hydrocortisone was applied with 100 per cent dimethyl 
sulfoxide. They (68) also observed that peak absorption 
of hydrocortisone occurred in the first two days. This 
was followed by a plateau of excretion to the sixth day 
which then dropped to zero by the tenth day. Dimethyl 
sulfoxide, as well as increasing the total excretion of 
hydrocortisone five times, also was shown to increase the 
rates of hydrocortisone absorption disproportionally in 
the first two days (68). It was pointed out by these same 
workers that the change in the configuration of the ex- 
cretion curve suggested that the barrier properties of the 
skin had been altered. The excretion pattern has been 
presented by Maibach and Feldmann (66,67) in two separate 


studies, one of which is presented in Figure l. 


a — 





~ob esw ti eonie testetal meme to ssw . 

| “tise lyddésmrb, Io Josette Jasitdeney, eds iain oe posh 
.weiv to dniod cottslumiot 6 NOX, sineitucvo wyd en 
eit eonsine of. sbixoifiue Lydtonkb to ysilids eft © al a 
asd yfisoigos betiqgs norw snositiosoxbyd to neistquoeds ~- * 
nasmbiei bas dosdisM yd AxoW .bedeildseyes Show se0d 
sessioni blot 2 5 oF @.£ 6 tend, beteorbat (£61.80, 7eyee) 
ait nedw betiuesx snoeatsizoses%byd to sotsqioeds ent we 
iyvdtemib jnep stsq OOL Astiw bsilqas BSW Snoess topo thy 
moisquioeds xaAssq tsdt beviasedo onlis (62) you? .sbixotiva 
eidT .eysb owt texti edd ak hetasoc0 saoBizaoaegbyA Fo 
ysb dt¢xte sd of ae tetoxs to usetsig 6 ya bewolflo2 26w 


a 


fydtsmid .ysb dtnes edd yd otes oF Beagekb mente aoictw 


yd 


> noiteroxs [stot sdi patessioni es tfisw es \ebixotios 
ot sesersni ot oworle esw oels ,eemis svil Snoeismonerbyn 
mi yilsnoitrogorgeib soliqioads snoaisnoootbyd fo Bases 


ems2 seeds yd suo Hedaiog e5w tI .(80) -aysb ows Sezi® odd 


Pe 
= 
“a 


“xs sit io nmoistsiupiinon off afb spnedo edd. ted? eaelzew ' 
said to esitisqoxq zetxuxrsed siz sada hetssppye sviwo nolisxz> x 

feed esi omtejteq noisex>x9 | onT | -borsstis aie ibe 
syexnge ows ai (T8,dd): anembLod bis bentonite 


~ gab stupid at besnaas%g, mp 
basi ih pen ie 
an 


Figs, 










. 


400 


a 
re 5 ee 
ae | 
23 300 DMSO V 
oO “f 
an iG 
< 
phe 200 ra 
ai 
J / 
oa 7 
Ses / NO BASE 
VO 100 
SS 





DAYS 


PERCUTANEOUS PENETRATION OF HYDROCORTISONE. 
toto toeAs CUMULATIVE, EXCRETION CURVE. | THE 
FIVE-DAY CONTROL UNTREATED AREA IS REPRE- 
SENTED AS 100%. 


FIGURE 1. From FELDMANN, R.J., and MAIBACH, 
H.I., ARCH. DERMATOL., 94, 649 (1966). 


The above observations suggest that dimethyl sulfoxide 
is probably of significant value in increasing topical 
hydrocortisone therapy. 

Since the desired site of action of topically applied 
hydrocortisone appears to be within the skin, it also 
becomes of interest for dimethyl sulfoxide to increase 
the intracutaneous absorption of hydrocortisone without 
a subsequent high increase in its systemic absorption. If 


dimethyl sulfoxide caused a proportional increase in sys- 
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temic absorption, its value as a penetrant carrier would 
possibly be over-ruled by the probable increase in un- 
desirable side effects of hydrocortisone absorbed system- 
ically. The above work has shown only that dimethyl 
sulfoxide enhances the absorption of hydrocortisone sys- 
temically but has not indicated whether or not the di- 
methyl sulfoxide increased the absorption of hydrocortisone 
into the skin. Also, Plein and Plein (132) and Hlynka, 
Anderson and Riedel (133) have shown that systemic and 
intracutaneous absorption are not proportional. 

The work of Stoughton (134) and Munro and Stoughton 
(101) indicates that dimethyl sulfoxide resulted in an 
increase in the retention of hydrocortisone in the stratum 
corneum. Stoughton (134) observed the rapid penetration 
and retention by the horny layer of hydrocortisone when 
administered in dimethyl sulfoxide. He noted that 15 to 
100 times as much glucocorticosteroid is retained in the 
horny layer and that this protected reservoir is established 
within a few minutes after application. The reservoir was 
shown to remain for about 16 days and was able to be re- 
moved by scotch tape stripping. These observations by 
Stoughton support the stratum corneum as being the barrier 
to hydrocortisone absorption. Therefore, if dimethyl 
sulfoxide can break down this barrier to transepidermal 
absorption, the dermal absorption of hydrocortisone would 


be expected to increase. 
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D. METHODS OF MEASURING HYDROCORTISONE ABSORPTION 

The objective of measuring absorption should be to 
obtain a quantitative evaluation of the rate and extent 
of penetration by a topically applied drug into and 
through the skin. A variety of methods for measuring 
absorption has been used with varying degrees of success. 
Some of these methods represent the relative drug release 
from the vehicle to the skin, others measure drug absorp- 
tion by skin tissue (intracutaneous) but the majority 
measure absorption through the skin (systemic). These 
methods are reviewed in the following discussion accord- 


ing to the absorption phase which they measure. 


IN VITRO METHODS 

All procedures using inanimate media for measuring 
absorption may be classified as being in vitro methods. 
The determination of drug release from a vehicle either 
into a medium such as agar gel or through a medium such 
as cellulose film appears to be the most popular approach 
to such measurements. Models developed by Wood, Rising 
and Hall (135) and by Billups and Sager (136) appear to 
be satisfactory for measuring the release of a drug from 
a vehicle and consequently the effect of formulation fac- 
tors which might influence this release. They are in- 
adequate, however, for evaluating the effect which such 
factors may have on the subsequent absorption of the re- 


leased drug by the skin. The complex chemical, physical 
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and biological properties of living skin precludes ade- 
quate simulation by in vitro models (137). Therefore, 
it is felt that percutaneous systemic and intracutaneous 


absorption studies must be performed on an in vivo basis. 


SYSTEMIC MEASUREMENTS 

A quantitative method for measuring systemic absorp- 
tion should be capable of determining the rate at which a 
drug penetrates into the circulatory system of the body 
after topical application. Methods which measure pene- 
tration into the circulatory system are commonly referred 
to as methods for measuring percutaneous absorption. 
Although it may be implied that systemic absorption mea- 
surements are representative of intracutaneous absorption, 
it has been indicated that they do not necessarily repre- 
sent intracutaneous absorption (133). In some cases, per- 
cutaneous measurements even have significant limitations 
as quantitative methods for measuring systemic absorption. 

The appearance of pharmacological and physiological 
effects which are characteristic of a drug is one method 
which has been used to interpret percutaneous absorption 
of the agent. Several responses have been utilized to 
determine the degree of hydrocortisone absorption such as 
vasoconstriction (138,139), involution of the thymus gland 
(140), alterations in melanocyte stimulating hormone sec- 
retion (141) and decreases in the number of circulating 


eosinophils (6,142,143). There are several limitations to 
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these approaches as quantitative measurements of systemic 
absorption. One such limitation is that even if the drug 
is capable of affecting a significant response, the mag- 
nitude of such a response is difficult to calibrate and 
quantitative results are usually replaced by a yes-or-no 
answer to the question of absorption (137). Another pit- 
fall to this approach may be encountered if the drug 
should be absorbed but only in a concentration below the 
minimum threshold required to register a response system- 
ically (144). Finally, unless the amount of drug which is 
metabolized, stored and excreted is known relative to the 
total amount which penetrates, a quantitative evaluation 
of the rate of systemic absorption by this method would 
not be reliable (145). 

Perhaps the most popular procedures used to measure 
systemic absorption have been the analyses of blood (6,143, 
146) and urine (8,63,147) for the presence of the pene- 
trating molecule and/or its metabolites. For example, in 
an attempt to determine the degree of hydrocortisone 
absorption, hydrocortisone itself (141) and some of its 
metabolites such as 17-hydroxycorticosteroids (6,147,148), 
17,21-dihydroxy and 20-ketosteroids (146) and 17-ketoster- 
oids (61,63,147,148) have been analyzed in blood and urine. 
Several investigators also have measured the total amount 
of radioactivity in the urine after the topical application 
of labeled hydrocortisone (8,66,67,68). Problems in mea- 


suring hydrocortisone and its metabolites are camsiderable 
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since it appears that very little hydrocortisone is absorbed 
percutaneously and, secondly, the hydrocortisone which is 
absorbed is excreted as a wide variety of metabolites. For 
example, less than one per cent of the hydrocortisone is 
excreted intact, about 40 per cent is excreted as 17- 
hydroxycorticosteroids and another six per cent as 17- 
ketosteroids (149). Therefore, in several instances only 

a portion of the amount being absorbed is actually being 
measured which makes detection difficult. 

Caution also must be exercised in accepting the 
drug concentration in any one area as an estimate of the 
total drug penetration through the skin. For example, the 
amount of drug in the urine at any given time to be rep- 
resentative of the quantity of drug which penetrated through 
the skin must be corrected for the amount of drug which may 
be stored in eee hee tissues and blood or that amount which 
may be metabolized. Such a problem would probably be en- 
countered with hydrocortisone. Several investigators (150, 
151,152) have shown that about 90 per cent of the hydrocor- 
tisone in the blood is bound to plasma proteins at physio- 
logical levels. Since it appears that.only a small per- 
centage of the applied hydrocortisone is absorbed, most of 
it will probably be bound to these plasma proteins. Hence, 
urine measurements may not be an accurate measure of the 
amount percutaneously absorbed. Scheuplein (50) has sugges- 
ted that the majority of the drug penetrating through the 


epidermal barrier should be removed by the rich vascularity 
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of the superficial layers of the dermis. Since hydrocor- 
tisone is desired in the dermal area, systemic measurements 
in this respect appear questionable as being representative 


of intracutaneous absorption. 


INTRACUTANEOUS MEASUREMENTS 

Methods for measuring intracutaneous absorption 
should be directed at determining the amount and distribu- 
tion of drug in the dermal tissues at various time inter- 
vals rather than at the rate with which the drug penetrates 
into this phase for the following reason. The rate of 
entry may not necessarily represent the amount of drug in 
the living epidermis and dermis since some drug probably 
will pass from these tissues into the circulatory system. 
The concentration and distribution of drug in this phase 
are important if it is assumed that the primary objective 
of initiating intracutaneous absorption is to achieve the 
therapeutic effect of the drug in this area. With hydro- 
cortisone therapy this seems to be the case. 

A major obstacle to quantitating drug absorption by 
this phase is in the separation of the drug from these tis- 
sues for analysis. This obstacle may be overcome largely 
by the use of radioisotope labeled drugs which can be de- 
tected in the tissues without separation (153). Radio- 
isotopes are also advantageous in that they offer a high 
sensitivity of measurement (154). This factor is particu- 


larly important in intracutaneous absorption investigations 
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where again the amount of drug absorbed as compared to the 
amount applied is usually very small (137). 

Despite the advantages offered by isotopes, the 
majority of methods which have been used to measure intra- 
cutaneous absorption with this technique still appear to 
have limitations in providing quantitative reproducible 
results. Malkinson (59) has studied the penetration of 
14c-labeled hydrocortisone into the skin by measuring the 
disappearance of radioactivity from the surface. His basic 
procedure involved the application of the labeled drug to 
the skin, counting the radioactivity on the surface with a 
Geiger counter and then relating the decrease in surface 
counts at various times to the amount of drug being absorb- 
ed. Several shortcomings prevent this technique from 
qualifying as a quantitative, reproducible method for 
measuring intracutaneous absorption. Variables in counting 
the radioactivity on the surface may produce large exper- 
imental errors in this procedure (137). For example, the 
geometry or position of the subject relative to the counter 
must be kept constant. Also, since the amount of drug 
which penetrates into the skin is usually much less than 
that present on the surface, errors of this nature may 
prevent the accurate measurement of absorption (137). A 
loss of radioactivity from the surface could also result 
from the drug penetrating into the stratum corneum and 
into the blood system, neither of which would be represen- 


tative of intracutaneous absorption. 
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Histological examination of skin sections for 
the presence of absorbed drug also has been a popular ap- 
proach to measuring intracutaneous absorption (155). 
Although this method may be effective for determining 
the presence and depth of penetrant in the skin, it does 
not permit a quantitative evaluation of absorption (137). 

Examination of skin specimens for tracers indica- 
ting drug absorption also has been used. Dyes (156,157, 
158), fluorescent compounds (156,158) and radioactive 
isotopes (61,159,160) are among the tracers which have 
been used to detect drug molecules. As Blank (137) has 
pointed out, however, absorption data from studies using 
tracers should be accepted with caution since the tracer 
may become detached from the drug molecule during the 
absorption process and consequently may not be represen- 
tative of the amount of drug present. Again, the use of 
stable radioactive-labeled drugs has largely overcome the 
problem of separation. The work of Scott and Kalz (76) 
on autoradiography exemplified the use of this technique 
in investigating the absorption of hydrocortisone by the 
skin. In this instance, autoradiography provided infor- 
mation on the relative rate, depth and route of absorption 
as well as the relative distribution within the skin tis- 
sue. As yet, however, it has not been demonstrated to be 
more than a qualitative method for studying intracutaneous 
absorption. 


The most logical method for quantitatively measur- 
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ing intracutaneous absorption appears to be the one devel- 
oped by Hlynka, Anderson and Riedel (133). It involved 
the use of an apparatus to control the application of a 
radioactive-labeled drug preparation to specific surface 
areas of the skin. Skin sections are recovered at suc- 
cessive depths from the treated specimen by slicing the 
skin parallel to the surface from the subcutaneous side 

to the epidermal surface with a cryostat microtome. The 
depth and extent of drug absorption is then determined by 
analyzing the serial sections of skin for radioactivity. 
Sheinaus, Christian and Sperandio (161) and Carson and 
Goldhamer (162,163) had previously employed a similar pro- 
cedure. Results presented by the latter two research 
groups indicated trends differentiating treatments and 
controls. The variation among replicates, however, was 
very large, which limited the value of their procedures as 
quantitative methods for measuring the effects which form- 
ulation factors may have upon drug absorption by the skin. 
By refining the technical variables involved and by using 
hairless skin which permits only transepidermal absorption, 
Hlynka, Anderson and Riedel (133) have proposed a model 
which would appear to be the most effective for studying 
the relative effects of dimethyl sulfoxide on the intracu- 


taneous absorption of hydrocortisone. 
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STATEMENT OF PROBLEM 


The major objective of this investigation is to 
evaluate the quantitative effect of dimethyl sulfoxide 
on the intracutaneous absorption of hydrocortisone. This 
effect will be measured as a function of rest time and of 


dimethyl sulfoxide concentration. 
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EXPERIMENTAL METHODS AND DISCUSSION 


A. DRUG PREPARATIONS 

Hydrocortisone-1,2-3H was obtained in a 9:1 benzene- 
ethanol solution from New England neta in a specific 
activity of 1 mc/ml. Autoradiography of thin layer chrom- 
atographs developed in three different solvent systems 
revealed only one spot for the hydrocortisone-1, 2-7H 


solut ron, indYreating radiochemical “purity of the* solution. 


HOH 
C=O 
HO ae 
34 
O Po “ i 


FIGURE 2: HYDROCORTISONE SHOWING POSITIONS 
OF 3H LABELS 


The above radioactive solution was stored in a refrig- 
erator until it was required for incorporation into the 
vehicles. 

A vehicle was required which would release the hydro- 
cortisone to the surface of the skin at an adequate rate 
(164). Also, a vehicle containing a relatively high por- 
tion of water was desirable since this would allow the 
substitution of relatively high concentrations of dimethyl 


* New England Nuclear Corporation, Boston, Massachusetts, 
USScA. 
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sulfoxide and at the same time would keep the viscosities 
of the various test preparations relatively constant. 
Aqueous Cream Bape appeared to meet these requirements. 
This oil in water cream contained 69.9 per cent water, 30 
per cent Emulsifying Ointment B.P. and 0.1 per cent chloro- 
cresol. The chlorocresol was not included in the prep- 
arations employed in this study since the preparations 
were being used for short periods of time, therefore, a 
bacteriostatic agent would not be required. Also, the 
chlorocresol would add another factor which may have some 
effect on hydrocortisone absorption. Dimethyl sulfoxide 
was readily incorporated into this vehicle in the con- 
centrations used. 

Five preparations containing varying concentrations 
of dimethyl sulfoxide ranging from 0 to 100 per cent were 


made. The formulae for these preparations are as follows: 


PREPARATION I 


Emulsifying Ointment B.P. 30% 
Distilled water 69% 
Dimethyl sulfoxide 0% 
Hydrocortisone (stable) ac 


Hydrocortisone-1,2-°H solution 2 mc/Gm 


PREPARATION II 


Dimethyl sulfoxide 99% 
Hydrocortisone 1% 
Hydrocortisone-1, 2-3H solution 1 mc/ml 





* The British Pharmacopoeia, 1968, The Pharmaceutical Press, 
London, England. 
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PREPARATION III 


Emulsifying Ointment B.P. 30% 
Distilled water 19% 
Dimethyl sulfoxide 50% 
Hydrocortisone (stable) 1% 
Hydrocortisone-1,2-3H solution 1 mc/Gm 


PREPARATION IV 


Emulsifying Ointment B.P. 30% 
Distilled water 44% 
Dimethyl sulfoxide 25% 
Hydrocortisone (stable) 1% 
Hydr ocortisone-1,2-"H solution 1 mc/Gm 


PREPARATION V 


Emulsifying Ointment B.P. 30% 
Distilled water 56. 5% 
Dimethyl sulfoxide 12). 5% 
Hydrocortisone (stable) 1% 
Hydrocortisone-1,2-°H solution 2 mc/Gm 


As can be seen in the above formulae the specific activ- 
ities of Preparations I and V differ from the specific 
actulvities OL Preparations Il, Iif and IV. Preliminary 
studies indicated that a specific activity of 2 mc/Gm 
was required for Preparations I and V in order to obtain 
sufficient tissue counts for statistical purposes. In 
contrast, sufficient tissue counts were obtained from 
Preparations IIIT and IV and from Preparation EI when 
specific activities of 1 mc/Gm and 1 mc/ml were employed 
respectively. For purposes of discussion and data ex- 
pression all of the preparations will be corrected back 
to a standard specific activity of 1 mc/Gm for the cream 


preparations and 1 mc/ml for the liquid preparation. 
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Preparation I was made by the following procedure. 
The stable hydrocortisone was dissolved in ethanol-benzene 
(50350), to uwhaich, the hydrocortisone-1, 2-3H solution was 
added. This hydrocortisone sglution was then added to 
the Emulsifying Ointment B.P. which had been previously 
weighed into a beaker. After removal of the ethanol and 
benzene by evaporation, the hydrocortisone was incorpora- 
ted into the emulsifying ointment with a stirring rod. The 
water was then blended into the emulsifying ointment- 
hydrocortisone preparation. This mixture was placed be- 
tween two sheets of Saran Wrap”. Manipulation of the mix- 
ture between these sheets of Saran enabled the thorough 
incorporation of the drug in the vehicle and at the same 
time reduced evaporation of the aqueous phase during the 
mixing procedure. The finished preparation was sealed in 
a five ml glass syringe and stored at room temperature. 

Preparation II was prepared by dissolving the stable 
hydrocortisone in ethanol-benzene (50:50) in a glass vial. 
The hydrocortisone-1,2-3H solution was added and the 
ethanol and benzene were removed by evaporation. Suffic- 
ient dimethyl sulfoxide was then added to the vial to 
produce a one per cent hydrocortisone solution. The vial 
was then sealed with a rubber stopper under an aluminum 
cap. This preparation was again stored at room tempera- 
Eure. 


* Saran Wrap is a registered trademark of Dow Chemical 
Company, Midland, Michigan, U.S.A. 
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The method of preparation and treatment of Prepara- 
tions III, IV and V was identical to that used for Prep- 
aration I with one exception. Instead of adding 69 per 
cent water as in Preparation I the various concentrations 
of water and dimethyl sulfoxide were substituted. 

The radiochemical stability of tritiated compounds 
becomes questionable due to the possibility of the trit- 
ium exchanging with stable hydrogen atoms in its surround- 
ing medium. Therefore, samples of Preparation I and 
Preparation II were chromatographed on thin layer plates 
in three solvent systems. Autoradiography of these 
plates has shown only one spot to be present. This in- 
dicates that these preparations were radiochemically stable 
over the period of investigation. Both preparations were 
allowed to sit for at least two months before the radio- 


chemical analysis was performed. 


B. SELECTION OF ANIMALS 

For this study the guinea pig was selected as the 
animal of choice due to the presence of hairless areas 
or "bald spots" of skin behind the ears of these animals. 
The presence of these bald areas of skin enabled the study 
of the effect of dimethyl sulfoxide on the transepidermal 
absorption of hydrocortisone since the pilosebaceous ap- 
paratus was absent. 

White, male mongrel guinea pigs weighing between 


650 and 800 Gm were used in all of the experiments. The 
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weight of each animal was determined and recorded im- 
mediately prior to use. The animals were fed commercial- 
ly available pellets which were supplemented with greens 
or ascorbic acid. The "bald spots" are located behind 
each ear. Zackheim and Langs (165) have described these 
areas in detail. They reported that the bald spots were 
1.0 to 1.5 cm in diameter and that they tended to be 
larger in albinos than in colored animals. Both "bald 
spots" on each animal were used for this study. Any 
“bald spot" with hairs on it was rejected. Hlynka, 
Anderson and Riedel (133) found the combined thickness 

of the stratum corneum and the remainder of the epiderm- 
is to vary from approximately 80 to 100 microns, while 
the dermis was about 0.6 to 1.0 mm. Upon slicing the 
samples parallel to the surface it was noted that major 
networks of blood vessels were present in the subcutan- 
eous regions. The absence of sweat glands in the skin of 


the guinea pig has also been reported (166) . 


C. PREPARATION OF ANIMALS FOR DRUG APPLICATION 

Animals were sedated at the beginning of each exper- 
iment to enable the preparation of the skin and the ap- 
plication of the medicament to the surface of the "bald 
spots". The inhalation technique used was similar to 
the one introduced by Hagen and Hagen (167) and later 
described by Hlynka, Anderson and Riedel (133). The an- 


imal was first rendered unconscious with anesthetic ether. 
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Anesthesia was maintained by passing a stream of air 
into liquid methoxyfluorane which, upon volatilizing was 
inhaled by the guinea pig. 

After the animal was anesthetized, the hair sur- 
rounding the bald spots was removed with an Gay small 
animal electric clipper. A number 10 blade was used for 
coarse clipping. Finer clipping was done with a number 
40 blade. The areas prepared for application were exam- 
ined and any application site with abrasions or scars on 
it was excluded from the study. 

A device similar to the one employed by Hlynka, 
Anderson and Riedel (133) was used to confine the applic- 
ation of the drug preparation to a specific surface area 
on the skin. Such a device was employed since Higuchi 
(46) proposed that the degree of absorption varied accor- 
ding to the area receiving application. Teflon cylinders 
(Figure 3 (B) ) used to restrict the area of application 
were attached to the skin over the intended sites of 
application with household cement’* A flange located near 
the base of the cylinder enabled contact with the skin 
surface. Circles two cm in diameter were marked around 
each "bald spot" with the aid of the open end of a test 
tube and an inked stamp pad. Cement was applied to the 


bottom of the flange and to the skin around the circum- 





*Oster is the registered trademark of John Oster Manu- 
facturing Co., Milwaukee, Wisconsin, U.S.A. 


*#* Lepage's Pres=tite © Contact Cement, a product of 
Lepage's Ltd., Canada. 
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Detailed drawing of applicator assembly: 
iA) cap: (BB) eybinder: (C) applicator: 


(D) assembly in position. 
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ference of the circle so marked. The cylinders were 
firmly attached to the circles marked on the skin within 
about one minute after cementing. A specific surface 
area (11 mm diameter) for application in the center of 
each cylinder was provided by this arrangement. The 
drug preparations used were introduced on teflon applic- 
ators (Figure 3 (C) ) through the center of these cylin- 


ders and onto the surface of the skin (Figure 3 (D) ). 


D. APPLICATION OF DRUG 
CREAM PREPARATIONS 

Since the majority of vehicles used in dermatolog- 
ical preparations are relatively viscous, Hlynka, Anderson 
and Riedel (133) have suggested that some degree of rub- 
bing be used during the application of such preparations 
in order to obtain a satisfactory contact between the 
applied drug and the surface of the skin. They also have 
shown that 60 second rubbing had a greater influence on 
systemic absorption than did 10 second rubbing while 
both rubbing times were found to promote intracutaneous 
absorption to approximately the same degree. Therefore, 
the latter rubbing time was used in the present study. 

The apparatus used to produce uniform rubbing 
(Figure 4) was the same as the one developed by Hlynka, 
Anderson and Riedel (133) which was described as follows. 
A motor (A) rotated a flexible cable drive (B) which in 


turn rotated an aluminum rod (E). A rod inside housing 
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Figure 4: Drawing of complete application apparatus 
with animal in position. 
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(D) was able to move freely through a distance determined 
by the length of the sleeve cut through the housing wall. 
The upper pin on the rod prevented it from disengaging 
at this point. The applicator (F) containing the drug 
preparation was attached to the lower end of the rod by 
means of a pin provided for this purpose. This assembly 
was then positioned directly over the cylinder cemented 
to the animal (G) and lowered into the cylinder until the 
preparation on the bottom of the applicator contacted the 
surface of the skin and the full weight of the rod and 
applicator rested on this surface. A ball and socket 
joint (H) on the base of the cradle permitted the accurate 
positioning of the cradle and the animal to achieve the 
proper angle for the applicator to enter the cylinder. 
Preparations I, III, IV and V were all applied in 
the same manner. Twenty + 0.5 mg was ejected from the 
storage syringe onto the surface of the applicator. This 
amount of drug preparation has been shown to be slightly 
in excess of the amount required to completely cover the 
exposed 11 mm diameter skin surface (133). The applicator 
with the drug was attached to the above apparatus and in- 
serted into the cylinder as described above. The free 
rotation of the cylinders on the suface of the skin while 
at the same time resisting the loss of drug preparation 
between the applicator and cylinder was permitted by the 
closely machined fit of the applicators in the cylinders. 


Motor induced rotational rubbing was then carried out for 
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10 seconds at 30 r.p.m. A constant rubbing pressure was 
maintained with the "floating" rod assembly which absorb- 
ed slight movements by the animal in a vertical direction. 
After the rubbing was completed the applicator was re- 
moved from the cylinder. The cream adhering to the ap- 
plicator was removed and carefully added to the inside 

of the cylinder. The animal was removed from the cradle 
and teflon caps (Figure 3 (A) ) were attached to the 
cylinders to prevent evaporation of the dimethyl sulfox- 
ide and water. These caps were attached firmly to the 
cylinders with strips of adhesive tape. The animal was 
then removed from the anesthetic and allowed to regain 


consciousness. 


LIQUID PREPARATION 

Due to the relatively low viscosity of the 100 per 
cent dimethyl sulfoxide preparation, eaueen was used to 
Maintain continuous contact between the applied prepara- 
tion and the surface of the skin. If the gauze was not 
employed the preparation tended to accumulate near the 
edges of the cylinder. A piece of gauze 11 mm in dia- 
meter was placed inside each cylinder against the skin 
surface. Twenty microliters of the drug preparation was 


applied to the gauze using a 50 microliter syringe. The 


# Blastoplast ® Plastic Adhesive Strapping B.P.C., a 
product of T.J. Smith and Nephew Ltd., Hull and Welwyn 
Garden City, England. 


**¥Prirst-aid Sterilized Gauze Bandage, 44 x 40 mesh, a 
product of Rexall Drug Co., England. 
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caps were attached and the animal was allowed to regain 


consciousness. 


E. REST TIME 

The time in which each drug preparation remained 
in contact with the surface of the skin was controlled 
Since it has been shown that absorption is a function 
Sf ethisweontcace Eime@ (168) *Thev¥rest*time inthis study 
was taken as the period between the time of application 
and the time of sacrificing the animal. Although some 
additional absorption may have taken place during the 
time required to peepare the skin samples for analysis 
after sacrificing, this time was considered as being 
constant among replicates and was not regarded as being 
part of the rest period. 

Preliminary studies revealed that when rest periods 
of less than two hours were emplayed large variations in 
results were obtained, especially from the preparations 
containing dimethyl sulfoxide. Since it was felt that 
little information would have been acquired from such 
measurements, rest times of less than two hours were not 


used in the present study. 


F. PREPARATION OF SKIN SAMPLES 
To permit a quantitative comparison of the relative 
total absorption by skin samples from different experi- 


ments, skin sections, parallel to the surface of the 
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skin and located at successive depths below the surface 
were recovered and analyzed for radioactive hydrocort- 
isone. 

The method employed in the present study was 
Similar to the one developed by Hlynka, Anderson and 
Riedel (133). The animal was re-anesthetized and sac- 
rificed with an overdose of chloroform. The treated 
sites were then immediately removed from the animal by 
cutting the skin around the cylinders. This resulted in 
cylinders being attached to a circular skin sample. The 
caps were removed from the cylinders. This cylinder- 
skin combination was frozen, subcutaneous side down, for 
five minutes on the quick freeze block of a microtome 
cryostat®. The frozen assembly was then allowed to sit 
in the cabinet of the cryostat for another 30 minutes so 
it would become thoroughly frozen. This frozen assembly 
was then inverted, subcutaneous side up, on a lead block 
which was placed inside the cryostat. A punch of skin, 
eight mm in diameter, was removed through the center of 
the cylinder with a cutaneous punch (Figure 5 (A) ). The 
skin punch obtained was placed subcutaneous side up on 
several drops of water on a specimen holder plate. This 
Bune) oLeskin was then rapidilysirozensto the plate 
(Bagure: 5e(B)m)mon, the quicky treezes block? The plate 


holding the punch was adjusted and secured on the micro- 
* Inter national-Harris Model C T microtome cryostat, 


International Equipment Co., Needham Heights, Mass., 
Wass As 
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Figuse 5: Details of: .(A) Skin punch.(1) recovered 
fheeugh cylinder (2) trom skin (ey; (8) 
Glin punch, (l)sonsholder plateutz). 
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tome in.such a position that the cutting blade* would 
slice parallel to the surface of the skin sample. The 
skin punch was then completely sliced into 50 micron sec- 
tions until the ice below the surface was reached. These 
sections obtained represented decreasing depths from the 
epidermal surface. The proximity of each section to the 
epidermal surface was calculated by relating the section 
number to the subsequent number of 50 micron slices re- 
quired to reach the ice. The two sections recovered im- 
mediately before reaching the surface were discarded as 
they were considered to be contaminated by the drug prep- 
aration on the epidermal surface. If skin punches became 
detached from the specimen holder plate before sections 
100 microns from the epidermal surface were obtained, 
they were excluded from this study. One hundred microns 
of skin was placed into each of five serially number liquid 
scintillation counting vials** which contained one ml of 
digesting solution (see p. 63). The vials containing the 
tissue and digesting solution were then capped. The con- 
tents were digested at 70°C for three and one half hours. 
Twenty ml of fluor solution (see p. 64) was added and the 
samples were ready for counting. The 500 microns of tis- 
sue analyzed was interpreted as containing the relative 


amount of hydrocortisone present in the dermal area for 





* Razor blades were used for slicing skin sections in all 
experiments. After each section, the blade was wiped off 
and it was changed for each sample. 


*%* Standard 20 ml volume vials, Nuclear-Chicago Corp., Des 
Plaines, Illinois; U.S.A. 
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each replicate at each rest time. 


G. PREPARATION OF BLOOD SAMPLES 

Systemic absorption was measured in the initial 
experiments of the present study to see if the intracutan- 
eous absorption of hydrocortisone was proportional to its 
systemic absorption. Since plasma proteins have a high 
binding vabianity: fort *cort rsoist(69170)elandy's'ince no 
other suitable method appeared available to measure sys- 
temic absorption in the experimental animal used blood 
plasma analysis was employed to measure the systemic ab- 
sorption of Hydtccott igotte 2 

Immediately after the rest period three to five ml 
of blood was removed from the animal by cardiac puncture. 
The blood was centrifuged at 2,000 r.p.m. for 30 minutes. 
This was done immediately after removal from the animal 
since Beisel, DiRaimondo and Forsham (170) reported that 
if whole blood is permitted to stand red blood cells absorb 
increasing amounts of hydrocortisone. Two 0.5 ml samples 
of plasma were then pipetted into separate scintillation 
counting vials. These samples were left to digest at room 
temperature for 12 hours after the addition of digesting 
agent (see p. 63) to each. Fifteen ml of fluor solution 
(see p. 64) was added to each sample in preparation for 


counting. 
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H. UNIFORMITY OF HYDROCORTISONE PREPARATIONS 

After the cream preparations were added to both ap- 
plicators in any given experiment (two applicators per 
animal), a five mg sample of the preparation was obtained. 
The sample was weighed into a scintillation counting vial 
to which 20 ml of fluor solution was added volumetrically. 
Three, one ml aliquots of the above solution were trans- 
ferred with a volumetric pipette to individual scintil- 
lation counting vials. Nineteen ml of fluor solution 
(see p. 64) was added to each of these three vials before 
counting. This latter dilution was necessary since the 
specific activity of each preparation was very high and 
could not be recorded satisfactorily by the liquid scin- 
Ga ielatron counter” and corresponding computer program. 

One, five microliter sample was obtained from Prep- 
aration II on every day that this preparation was employed. 
More frequent sampling of this preparation was not deemed 
necessary since it was in the form of a liquid and there- 
fore there would be less possibility of changes in uni- 
formity. Each sample was treated in the same manner as 
were the samples from the cream preparations. 

The average specific activities together with the 
standard deviations of the various preparations were as 
follows: 

Preparation I (22 samples) 2.452. + 0.179 mc/Gm 


* picker Nuclear Liquimat 200, a product of Picker Nuc- 
lear, White Plains, New York. 
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Preparation II (6 samples) Is. 18.07 + .0...07,4) me/ml. 
Preparation III (24 samples) 0.947 + 0.049 mc/Gm 
Preparation IV (24 samples) 1.093 + 0.064 mc/Gm 


Preparation V (19 samples) Pre SOy at 40-29 25mo/,.Gm 


I. RELEASE OF HYDROCORTISONE FROM THE DRUG PREPARATIONS 

The purpose of measuring in vitro release was to 
determine the effect of various concentrations of dimethyl 
sulfoxide on the release of hydrocortisone from the cream 
preparations used in the present study. To study this 
effect plexiglass” cells were employed. These cells were 
similar to the ones used by Patel and Foss (171). Each 
cell consists of two plexiglass blocks and is 3 x 3 x 1 1/2 
in. with four 3/16 in. holes at the corners. The cell has 
a cavity with about a 20 ml capacity. The method used was 
similar to the one described by Wood, Rising and Hall 
(135): 

One per cent hydrocortisone creams with specific 
activities of approximately 3 uc/Gm containing 0, 12.5, 
25 and 50 per cent dimethyl sulfoxide were prepared by the 
method previously described (see p. 46). The specific ac- 
tivity of each cream was determined by weighing three 20 
mg samples into scintillation counting vials, dissolving 
the samples in 20 ml of fluor solution and counting. 


One compartment of the plexiglass cell was filled 


* methyl methacrylate. Marketed as plexiglass by Rohm 


and Haas Co., Philadelphia, Pa., U.S.A. 
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with cream while Emulsifying Ointment B.P. was placed in 
the other compartment. A double Galle bfleise™. membrane, 
previously moistened with distilled water and blotted 
between two sheets of absorbent paper, was then placed 
between the cream and ointment surfaces. The two plexi- 
glass blocks were held firmly together with four stain- 
less steel head bolts, 3 1/2 x 3/16 in, inserted in the 
corner holes and secured with stainless steel wingnuts. 
These cells were allowed to stand at room temperature 
during which time aueeusieh was expected to occur from 
the hydrocortisone cream through the double cellulose 
membrane into the compartment containing the emulsi- 
fying ointment. In this study emulsifying ointment, 
which constitutes 30 per cent of each of the above prep- 
arations, was added to the second compartment instead of 
using the same cream base in both compartments as Wood, 
Rising and Hall (135) have done. This variation was 
used so that the effect of dimethyl sulfoxide and water 
in the cream preparations on hydrocortisone release 
could be determined. The double cellulose membrane was 
required to maintain a stable boundary condition and also 
to permit separation of the two parts of the semi-solid 
diffusion system which might cause cross contamination. 
At the end of the desired diffusion times the 
compartments and double membrane were separated. The 
KpDializer tubing, seamless cellulose, catalogue number 


8-667-2, supplied by Fisher Scientific Co. Ltd., 
Pittsburg, Pennsylvania, U.S.A. 
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ointment on the membrane facing the emulsifying ointment 
was removed and added to a glass container. The emul- 
sifying ointment was also removed from its compartment 
and this compartment was washed with dimethyl sulfoxide. 
The emulsifying ointment and washings were both added 
to the above glass container. About 20 ml of dimethyl 
sulfoxide was added to this container and the contents 
were thoroughly mixed which resulted in a fairly fluid 
preparation. Three, one Gm samples were weighed into 
seiiGlllatilonscountingpvyialss,and dissolved .in 20, ml sof 
fluor solution. These samples were then ready for coun- 
ang 

Each of the four preparations was analyzed in 


triplicate at two and sixteen hour time periods. 


J. REAGENTS USED 

The skin sections were digested in a 2 N solution 
of potassium hydroxide in methanol. This solution was 
stored at room temperature. The U.S.P. XVII method for 
standardizing 0.5 N alcoholic potassium hydroxide was 
used approximately once a month to check the normality 
of the above patton’ 

Five drops of 30 per cent hydrogen peroxide were 
employed to bleach the plasma samples. These samples 
were then digested with four ml of nes", a quaternary 
ammonium hydroxide reagent. 


*NCS is a registered trademark of the Nuclear-Chicago 
Corp., Des Plaines, Illinois, U.S.A. 
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The fluor solution used by Hlynka, Anderson and 
Riedel (133) was employed for the skin, drug preparation 
and diffusion study samples. It was stored in a refrig- 
erator. A primary scintillation fluor, 2,5-diphenyl- 
oxazole (PPO), and a secondary scintillation fluor, p- 
bis {2~(5-phenyloxazolyl)} -benzene (POPOP), were employed 
in the solution. In order to increase the miscibility 
of the skin tissue with the fluor solution a secondary 
solvent, ethylene glycol monobutyl ether (butyl cello- 
solve), was added to the primary solvent toluene. The 


BOLMUte LEormrthws fauorecsoluttonrpis asViol lows: 


Toluene - 850 ml 
Butyl cellosolve i dese) jam 
PPO - 4.00 Gm 
POPOP = 0.05 Gm 


For the plasma digest the butyl cellosolve was 
replaced by an equal volume of toluene. This was done 
Since the plasma digest was miscible with the fluor 


solution when butyl cellosolve was not present. 


K. RADIOASSAY OF 3H-LABELED HYDROCORTISONE 
A Picker Nuclear ligquimat 220 liquid scintillation 

counter was used to count the radioactivity in all of 

the samples. The radioactivity gave a measure of the 
concentration of drug in each sample. Varying degrees of 
quenching were produced by the skin tissue, plasma, drug 
vehicle, digesting agents and diffusion study samples. 
Therefore, the external standard channels ratio technique 


was utilized to correct all counts obtained to corrected 
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counts per minute. All calculations were performed by 
a Digital PDP 8/L*™ computer. Ten minute background 
counts were made on drug preparation, skin tissue, 
plasma and diffusion study samples. The background 
samples used were prepared in an identical manner to 
the samples in the experiments on each respective med- 
ium with the exception that the radioactive hydrocorti- 
sone was omitted. Each time a series of samples was 
counted the background samples were also counted. The 
background counts were corrected for quenching and sub- 
tracted from the respective sample counts to give the 
corrected counts per minute of the sample. All samples 
were counted for ten minutes or to a pre-set count of 
1,000,000, whichever was reached first. 

Additional correction factors were applied to the 
corrected counts per minute of the tissue and plasma 
samples. Variations in the specific activities existed 
within each preparation and between the different prep- 
arations. Therefore, all tissue and plasma samples were 
corrected to a constant specific activity which was based 
on each preparation having a specific activity of 1 mc/Gm 
or 1 mc/ml. The specific activity used to correct the 
tissue and plasma samples when the cream preparations 
were applied was taken as the average activities of two 
drug preparation samples obtained during application. 


*Digital Equipment Corporation, Maynard, Massachusetts, 
U.S.A. 
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This average specific activity was used for the correc- 
tion of the skin and plasma samples. When the liquid 
preparation was employed, the correction factor was the 
average of the six drug preparation samples analyzed. 
This factor was used since Preparation II, being a 
solution, was expected to be homogeneous. 

One other correction factor was applied to the 
plasma samples. The specific activity in only 0.5 ml of 
plasma was represented by the corrected counts per min- 
ute of these SSA. Since animals have different plasma 
volumes, such specific activities would not be expected 
to represent the relative degree of systemic absorption 
among the animals. Reports have indicated that the plasma 
volumes of guinea pigs vary according to the weight of 
the animal (172,173). The combined results of the two 
groups gave a 3.9 ml per 100 Gm body weight value for 
the average plasma volume of male guinea pigs (172). 
Since the average weight of the animals used in the pres- 
ent study was 690 Gm, the average plasma volume would 
Gheretore be 26.9 ml. To correct for theseiiect of .the 
systemic dilution of hydrocortisone due to varying plasma 
volumes, the above corrected counts per minute of each 
plasma sample was multiplied therefore by the calculated 


plasma volume of the test animal in ml/26.9. 


ae 
- 08 - i 


-asx10> aft 107 Boew anw: wiviieaiblsee. sae A 
biypil edt asdw .esiqmes sunale bus nice art 30,019 os 
eit asw t1aj062 sobtoetios edz « -boyolque asw noisszeqomy 
bhesyleas eSignsea. moi 36 1699 3g euab %LB edt 30. epsxevs ip 
6 pied ,If aoitstsqeta soote Beau Baw 309983 abt ef 
-euosnspomod ad oF betooqxe e6w. fief tutes 
efit of batiags esw zotpR? oi IDex20D werizo en0. 4, 









to im 2.0 ylno ni ytividos oitiesqe od? .selanse smasiq 
-aim ieq etavoo betosztes. edt yd Besnsee1ges, esw smasiq 
smasiq tnoxei3ib sve alemins soqte, aolqmes. seeds 20. 930 
bsdoeqx= ed ton bivow estiivizos ofkioege doue ,semulov 
moitguoeds simdtaye 2 sexzpsbh sviteie2z ond insesiges oF 
smesiqg sii tedis betsoibar sen gtxogeai .alsmins edt paoms 
to todplew.sdit o3 pribsuesls YyuAEv spig seniup to esnmu lov 
owt edt to etivuesa Beoanidmos eff .{EVL,SSL) Lemins on3- 
103 sulsv sdpisw ybod mp OOL zeq Im @,£ s. evse equozp ) 
(SVL) apig seatup elem to omulov sitesig ovszeve, exit 
-eeug ofg ot beau elemins aay 3e sep ier, epsisvs od? sonia 
biuow omulov smesiq epsxevs, edt md 223 ead ybuse ane 7 
et, to toetie oft 1k Jvezz09 of lm ©.a8 od ex0Reaets 


fr: patyisv of sub Menieipe 5p nent & a 













A fi : 


; ; ne A a € 


ay (Ay 
RESULTS AND DISCUSSION 

A. EFFECT OF DIMETHYL SULFOXIDE ON INTRACUTANEOUS AND 

SUBSEQUENT SYSTEMIC ABSORPTION OF HYDROCORTISONE 

The intracutaneous as well as the systemic absorp- 
tion of hydrocortisone was investigated to see if hydro- 
cortisone could be detected in either of these two phases. 
It also was desirable to see if dimethyl sulfoxide in- 
fluences such absorption. Previous work (60,61,67) has 
indicated that very little hydrocortisone was absorbed 
percutaneously in the first 12 hours after topical ap- 
plication. Therefore, it also was of interest to see if 
significant absorption into either phase with or without 
dimethyl sulfoxide occurred earlier than 12 hours. 
Experiment I was performed to see if detectable 

amounts of hydrocortisone were absorbed intracutaneously 
without dimethyl sulfoxide and to determine the time 
element involved. Preparation I (see p. 44) which con- 
tained one per cent hydrocortisone and 70 per cent water 
was used. Absorption studies were performed at different 
rest times so that the relative amount of hydrocortisone 
absorbed at various time intervals could be compared. 
Two hours was the minimum rest time employed for reasons 
which have been discussed earlier (see p. 55). Four, 
eight and 16 hours were selected as the other rest per= 
iods as these times would develop the pattern of intra- 
cutaneous absorption over a reasonable time period for 


hydrocortisone to exert its anti-inflammatory effect. 
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The results of this experiment (Table I) show that 
significantly detectable amounts of hydrocortisone are 
absorbed within two hours after topical application. 

Also hydrocortisone appears to build up very slowly in 
the dermis since the intracutaneous levels gradually 
increased during two to 16 hours, reaching a maximum at 
16 hours. This experiment indicates that hydrocortisone 
was absorbed intracutaneously in satisfactory amounts for 
measurement and at times much earlier than reported by 
previous workers who used systemic methods of analyses. 

The next objective was to determine the effect of 
dimethyl sulfoxide on the intracutaneous absorption of 
hydrocortisone. Therefore, pure dimethyl sulfoxide con- 
taining one per cent hydrocortisone (Preparation II) was 
applied in Experiment II for the same rest periods used 
in Experiment I. As can be seen from the results of this 
experiment (Table II) there is a much higher amount of 
hydrocortisone in the dermis after two hours than resul- 
ted in Experiment I. This level rapidly declined at 
four hours and was followed by a gradual decrease in 
tissue levels of hydrocortisone which reached a minimum 
at 16 hours. These results appear to satisfy the objec- 
tives of seeing whether the intracutaneous absorption of 
hydrocortisone could be analyzed by this approach, whether 
dimethyl sulfoxide had a significant effect on such in- 
tracutaneous absorption and whether such absorption could 


be detected earlier than 12 hours after topical applica- 
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TABLE I 
INTRACUTANEOUS ABSORPTION OF 3H-LABELED 


HYDROCORTISONE FROM A 0% DIMETHYL 
SULFOXIDE PREPARATION! 


2 
ABSORPTION (CORRECTED COUNTS PER MINUTE) 


REST TIME (HOURS) 


REPLICATES 
2 4 8 16 

it Ip tstee) 1,682 1,148 27203 
2 37.030 2,471 oS 37,096 
5 1s, 007 PA ALTES) 4,689 2, 300 
4 2,049 oS SOG Ee si) 
3 584 2,606 Ie IRS) 27,096 
6 PRs AIS YS) ibpptehers) Shy FASIS) 4,017 

Average ine I0 27098 2,412 27 85 

Standard nO o2 ao oO? +1,468 aE) SPAS 

Deviation 





1 One per cent concentration, 1 mc/Gm specific activity 
(corrected) hydrocortisone in Aqueous Cream base. 


2 Activity of absorbed hydrocortisone in guinea pig 
dermal tissue. 
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TABLE II 


INTRACUTANEOUS ABSORPTION OF 2H-LABELED 
HYDROCORTISONE FROM A 100% DIMETHYL 
SULFOXIDE PREPARATIONL 


ABSORPTION 
REPLICATES 
2 

di 145,188 

Z igs} yry dss yy 

3 122,194 

4 Tats) ei) 

5 111,343 

6 2 On) ley. 
Average 129,438 
Standard 771677203 

Deviation 


2 


REST TIME 


4 
43,758 
Sele Lely 


42,017 


40,810 


+4,893 


One per cent concentration, 


sulfoxide. 


(HOURS ) 


8 
26,280 
S/y 24 
Si Ay flehey) 
35,594 
Sib, oils: 


50,559 


33750 /, 


+4,338 


(CORRECTED COUNTS PER MINUTE) 





16 
10,594 
Jide leVey s; 
17,345 
12,866 


107.550 


moe 293 


127,669 


+2,522 





1 mc/ml specific activity 
(corrected) hydrocortisone in 100 per cent dimethyl 


Activity of absorbed hydrocortisone in guinea pig 


dermal tissue. 
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Since systemic measurements were the primary methods 
found in the literature for determining similar absorption, 
it was decided that the intracutaneous measurements ob- 
tained should be compared with systemic values. Although 
the Adintiecteterse of plasma measurements representing 
systemic absorption of hydrocortisone are recognized, 
plasma was analyzed at the four rest times to monitor a 
trend of systemic radioactivity resulting from the topic- 
al application of Preparations I and II. These results 
are presented in Tables III and IV respectively. No 
detectable hydrocortisone had been absorbed systemically 
from Preparation I until after four hours. There was 
activity in the plasma after eight hours which increased 
to a maximum by 16 hours. Preparation II on the other- 
hand resulted in a relatively high level of activity in 
the plasma after two hours, reaching a peak in eight 
hours and then declining at 16 hours. 

To illustrate the relative effects of dimethyl 
sulfoxide on the intracutaneous absorption of hydrocor= 
tisone and on the trends in systemic absorption the 
results of Tables: fT and If and Tables IIft land IV, have 
been represented graphically in Figures 6 and 7 respec- 
tively. 

As is shown in Figure 6, dimethyl sulfoxide has 
caused a very substantial increase in the intracutaneous 


absorption of hydrocortisone. The effect of dimethyl 
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TABLE Et & 
SYSTEMIC ABSORPTION OF 3H-LABELED 


HYDROCORTISONE FROM A 0% DIMETHYL 
SULFOXIDE PREPARATION 


ABSORPTION2 (CORRECTED COUNTS PER MINUTE) 





REST TIME (HOURS) 


REPLICATES 
2 4 8 16 
il, 0 0 0 120 
2 0 0 371 437 
S) 0 0 210 477 
Average 0) 6) 194 345 
Standard +0 0 +186 at 296 

Deviation 





One per cent concentration, 1 mc/Gm specific activity 
(corrected) hydrocortisone in Aqueous Cream base. 


Activity of absorbed hydrocortisone in 0.5 ml guinea 
pig plasma samples. 
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TABLE IV 
SYSTEMIC ABSORPTION OF 3H-LABELED 


HYDROCORTISONE FROM A 100% DIMETHYL 
SULFOXIDE PREPARATION] 


ABS ORPTION2 (CORRECTED COUNTS PER MINUTE) 





REST TIME (HOURS) 


REPLICATES 
2 4 8 16 

i 2,836 9,823 8,935 3,868 

2 4,238 7,881 7,906 6,044 

3 2,902 6,116 TO Si, 7,604 

Average 3,325 7,940 9,299 5,839 

Standard +791 +1,854 +1,607 +1,876 


Deviation 


One per cent concentration, 1 mc/ml specific activity 


(corrected) hydrocortisone in 100 per cent dimethyl 
sulfoxide. 


2 Activity of absorbed hydrocortisone in 0.5 ml guinea 


pig plasma samples. 
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DERMAL DRUG ABSORPTION 


(CORRECTED COUNTS PER MINUTE x 10 
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FIGURE 6: EFFECT OF 100% DIMETHYL SULFOXIDE ON THE 
INTRACUTANEOUS ABSORPTION OF 3H-LABELED 
HYDROC ORT IS ONE 
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PLASMA DRUG ABSORPTION 
(CORRECTED COUNTS PER MINUTE x 10%) 
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FIGURE 7: EFFECT OF 100% DIMETHYL SULFOXIDE ON THE 
SYSTEMIC ABSORPTION OF 3H-LABELED HYDRO- 
CORTIS ONE 
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sulfoxide is immediately apparent. It appears that dimethyl 
sulfoxide exerts its major influence on intracutaneous 
absorption within the first two hours after application, 
causing an almost instantaneous influx of hydrocortisone 
Into the skin. “This “isin sharp contrast ‘to reports “in 
the literature which show dimethyl sulfoxide causes the 
greatest enhancement of hydrocortisone penetration over 
the £irst 48" Nour “period -(66, 67,68) 5 Dimethyl sulfoxide 
does not appear to be able to maintain the initially high 
dermal levels of hydrocortisone however, as a rapid de- 
crease in intracutaneous hydrocortisone occurs by four 
hours. Although there is this rapid decrease in dermal 
hydrocortisone, there is still a very significant increase 
in dermal levels when compared to the zero per cent di- 
methyl sulfoxide preparation (Preparation I) at this time. 
The least apparent difference in absorption from the two 
preparations occurs after 16 hours although there is still 
about a 4.5 fold increase in intracutaneous hydrocortisone 
from the dimethyl sulfoxide preparation (Preparation ITI) 
at this time. 

The literature indicates that the increase in the 
absorption of hydrocortisone with and without dimethyl 
sulfoxide is proportional to rest time up to two days (67, 
68). This proportionality is fairly well followed with 
Preparation I but there is no such relationship with Prep- 
aration II. The intracutaneous results from the dimethyl 


sulfoxide preparation (Preparation II) indeed show intra- 
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cutaneous hydrocortisone to be indirectly proportional 

to rest time. The important feature of these results, 
however, is that the increase in hydrocortisone in the 
dermis due to Preparation II is very significant very soon 
after application. Therefore, the ability of dimethyl 
sulfoxide to promote hydrocortisone availability in this 
area appears promising. 

As indicated by Figure 7, Preparation II also re- 
sulted in a very substantial increase in systemic absorption 
over Preparation I. This increase in systemic hydrocorti- 
sone absorption may be undesirable since it may enhance 
the systemic side effects observed after the oral adminis- 
tration, of glucoconticoids . 

By comparing the zero per cent dimethyl sulfoxide 
curves for intracutaneous and systemic absorption in Fig- 
ures 6 and 7 respectively, it will be observed that sys- 
temic hydrocortisone was not detected until after four 
hours whereas significant absorption was detected in the 
skin tissues within two hours after application. .This would 
indicate that the intracutaneous measurement is the more 
sensitive of the two methods of analysis for detecting the 
rate of absorption. In this respect the systemic phase 
would become representative of absorption through the 
skin only after a steady state of diffusion occurred across 
the dermal phase. Consequently, intracutaneous measure- 
ments appear to be the method of choice for studying topical 


hydrocortisone absorption, at least for the initial few 
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hours after application. 

A comparison of systemic and intracutaneous ab- 
sorption for Preparation II (Figures 6 and 7), where di- 
methyl sulfoxide was the vehicle, shows that perhaps 
there is an indirect relationship between the systemic 
and the intracutaneous absorption of hydrocortisone from 
this preparation during the intial stages of absorption. 
Between the two and four hour rest periods there is a 
sharp increase in plasma activity corresponding to a rapid 
decrease in dermal hydrocortisone. This may be a result 
of the dimethyl sulfoxide altering the barrier function 
of the stratum corneum thereby allowing relatively large 
amounts of hydrocortisone into the dermis. This, in turn, 
should be followed by the establishment of a high hydro- 
cortisone concentration gradient between the dermis and 
the circulatory system which would probably result ina 
high clearance rate of hydrocortisone from the dermis into 
the systemic circulation. From four to 16 hours there 
is a gradual decrease in tissue levels of hydrocortisone. 
Due to the abrupt change in dermal levels of hydrocort- 
isone after four hours, the amount of drug passing into 
the systemic circulation would naturally decrease. This 
can be confirmed by the much slower increase in plasma 
activity between four and eight hours followed by a de- 
crease in activity after 16 hours. The pattern of sys- 
temic absorption from Preparation II is definitely not 


proportional to intracutaneous absorption and therefore 
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intracutaneous measurements should not be substituted for 
by systemic measurements. 

As well as systemic absorption not being propor= 
tional to intracutaneous absorption, systemic measure- 
ments do not enable the early detection of absorption. 
Relatively large standard deviations have been obtained 
in the systemic measurement used in the present study 
(Tables III and IV) which indicates a lack of precision 
in this method as compared to intracutaneous measure- 
ments. Also, plasma is not recognized as an accurate 
measure of systemic absorption, since as the rest time 
increases the are at of drug stored in various tissues, 
metabolized and excreted increases along with the amount 
of drug being absorbed. For these reasons and since 
absorption into the dermal tissue is of prime interest 
in the present study systemic measurements were not made 
in future experiments. 

In summary it would appear from the results of 
Experiments I and II that the intracutaneous absorption 
of topically applied hydrocortisone can be measured satis- 
factorily by the method employed, that the effect of 
dimethyl sulfoxide on such absorption appears to be 
significant and that the intracutaneous measurement ap- 
proach probably serves as a more sensitive method of 
analysis than does the systemic measurement for the eval- 
uation of the effect of dimethyl sulfoxide on hydrocor- 


tisone absorption. 
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bir INTRACUTANEOUS ABSORPTION OF HYDROCORTISONE AS A 
FUNCTION OF DIMETHYL SULFOXIDE CONCENTRATION AND 
REST TIME 

Upon application to the human forearm, Preparation 
II caused an irritating, burning sensation. Consequently, 
this preparation probably would not be therapeutically 
acceptable. Therefore, further investigations were 
carried out. They were directed at studying the effects 
of lesser concentrations of dimethyl sulfoxide in a cream 
base on the intracutaneous absorption of hydrocortisone. 
The primary objective in this respect was to see if such 
concentrations of dimethyl sulfoxide which may be ther- 
apeutically acceptable would still influence the intra- 
cutaneous absorption of this glucocorticoid. The basic 
formulations used in the following experiments were vir- 
tually the same as Preparation I since relatively large 
amounts of dimethyl sulfoxide could be substituted for 
water in this base. Preparations containing 50, 25 and 
12.5 per cent dimethyl sulfoxide were prepared on this 
basis (see p. 45). 

Experiment III was performed using 50 per cent di- 
methyl sulfoxide in the cream preparation (Preparation 
III). The results of this experiment are shown in Table 
V. .Fifty per cent dimethyl sulfoxide produced a much 
greater intracutaneous absorption of hydrocortisone than 
did zero per cent at all rest times studied. After two 
hours the 50 per cent dimethyl sulfoxide preparation gave 


dermal levels of hydrocortisone which were nearly as high 
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TABLE V 


INTRACUTANEOUS ABSORPTION OF 34-LABELED 
HYDROCORTISONE FROM A 50% DIMETHYL 


SULFOXIDE PREPARATION 


ABSORPTION (CORRECTED COUNTS PER MINUTE) 





REST TIME (HOURS) 





REPLICATES 
2 4 8 16 
dL 104,549 T2169 So, 399 ila S)ays! 
2 977394 81,648 70,594 30,049 
5 ae ES od bd ie) 109,688 45,6003 9,636 
4 114,669 84,627 55, 544 i NS wrk wy fT) 
S) 95,620 FO 27,5006 81,680 A De lps Be 4 
6 148, 540 oT, 302 72,497 ZO Ca 
Average Li27 758 90,590 69,053 16,982 
Standard +19,433 +13,894 ft Lon 22 a7) GMS! 
Deviation 
i} 


One per cent concentration, 1 mc/Gm specific activity 
(corrected) hydrocortisone in Aqueous Cream base - 

50 per cent dimethyl sulfoxide. 

2 Activity of absorbed hydrocortisone in guinea pig 
dermal tissue. 








GaIaeat-H* 10 0 woxessteais 


QU0aMATUDARTMT 
clealaaah oc - i ee vance 7) 3aee ; — 


Po rere | | 


(ATUMIM ASI. 2TMIOD Cat 9809) Scabies = 





(2800H) SMET Taga rrr T AS 


ot 3 ¥ £ $. yte 2 vii es ere 





Kee Df eet , 88 Gav, st Csa00F* oS eRp sega a 


“@nO,0£ ~—- SRR OF $83,108 “BREE maple | 
3£8.° c03.2h 88a ROT HEN ares «AR : 
(T2.2b sb2,ee Seo, e8 )CesR Ere So gare : 
SER,LE 080,16 aoe Soe) Ogaaernl’’ > Saeee “e 


[BE.0S Versy  sOecee> Saban 60 ony eee 
Py = ae 





- — I a ~ me iT 

see.af €20,e8@ 082,08 689,86 rc - 
ev ae ig Pe abe | - 7 a! 

, BYE.Vt  SSO\OL+ DOB ELe APs .. peabah a 


oseeh 
is 


=) 
te. _ 


= 5 erie ceca (sie wha 
pais a ay: 





—- 80) — 


as those obtained when 100 per cent dimethyl sulfoxide 
was used as the vehicle. Previous investigators (100, 
110,112) have suggested that relatively large concen- 
trations of dimethyl sulfoxide, approximately 70 per 

cent or more, were required to cause any significant 
change in the absorption of other molecules. Results 

of intracutaneous absorption in this experiment indicate 
that such is not necessarily the case with hydrocortisone 
Since 50 per cent dimethyl sulfoxide appears to be almost 
as effective as does 100 per cent dimethyl sulfoxide in 
enhancing such absorption after two hours. Fifty per 
cent dimethyl sulfoxide in a cream base also has the 
advantage of not causing the burning sensation observed 
with 100 per cent dimethyl sulfoxide. Therefore, it 
would be more acceptable to the patient. The results 
also indicate that although the initial tissue levels 

of hydrocortisone are relatively high they progressively 
decrease as the rest period is increased from two to 16 
hours. 

The effect of 25 per cent dimethyl sulfoxide 
(Preparation IV) on the intracutaneous absorption of 
hydrocortisone was determined in Experiment IV, the re- 
sults of which are presented in Table VI. Twenty-five 
per cent dimethyl sulfoxide also causes a significant 
increase in dermal absorption over the zero per cent “fle 
methyl sulfoxide preparation. As with the 50 per cent 


preparation the hydrocortisone in the dermis decreases 
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TABLE vi 
INTRACUTANEOUS ABSORPTION OF 3H-LABELED 


HYDROCORTISONE FROM A 25% DIMETHYL 
SULFOXIDE PREPARATION] 


ABS ORPTION2 (CORRECTED COUNTS PER MINUTE) 





REST TIME (HOURS) 





REPLICATES 
2 4 8 16 
ih 55,751 30,253 AL PION 13,803 
2 44,555 337027 24,023 8,834 
3 26,945 35,460 25,375 ilk a 
4 20,745 23,897 10,761 17,263 
5 36,378 39,416 15,472 17,517 
6 DO 5T 15,868 23,460 ieee 
Average 35,439 29,654 18,533 13,289 
Standard +12,932 +8,531 +6,553 +3,546 


Deviation 





i 


One per cent concentration, 1 mc/Gm specific activity 
(corrected) hydrocortisone in Aqueous Cream base - 
25 per cent dimethyl sulfoxide. 


“ Activity of absorbed hydrocortisone in guinea pig 
dermal tissue. 
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as the rest time increases although the rate of decrease 
due to the 25 per cent dimethyl sulfoxide does not appear 
to be as rapid as with the 50 per cent preparation. 

In Experiment V 12.5 per cent dimethyl sulfoxide 
(Preparation V) was used to see if a relatively low 
concentration of dimethyl sulfoxide had any significant 
effect on the intracutaneous absorption of hydrocortisone. 
As in Experiments III and IV the 12.5 per cent preparation 
(Table VII) gave a significant increase in dermal hydro- 
cortisone over the zero per cent dimethyl sulfoxide prep- 
aration. The rate of decrease of hydrocortisone levels 
in the dermis Pocenred to be less than that observed with 
25 per cent dimethyl sulfoxide. 

The amount of hydrocortisone in the dermis at each 
rest time due to the various concentrations of dimethyl 
sulfoxide was compared to the zero per cent dimethyl 
sulfoxide preparation by using the Student's "t" test 
CI74)).. Atter two, four, eight and 16 hour rest periods 
the amount of hydrocortisone in the dermal tissue due to 
Preparations II, III, IV and V was significantly greater 
than the amount of absorption resulting from the applic-— 
ation of the zero per cent dimethyl sulfoxide prepara- 
eal 
RELATIVE EFFECTS OF DIMETHYL SULFOXIDE CONCENTRATION AND 
REST TIME ON HYDROCORTISONE ABSORPTION 

To produce a relative comparison of the effect of 


dimethyl sulfoxide concentration and of rest time on the 
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TASTE Y lr 


INTRACUTANEOUS ABSORPTION OF 34-LABELED 
HYDROCORTISONE FROM A 12.5% DIMETHYL 


SULFOXIDE PREPARATION! 


ABSORPTIONZ (CORRECTED COUNTS PER MINUTE) 





REST TIME (HOURS) 





REPLICATES 
yp 4 8 16 
dk 19,516 LOGOS Orrcrve7. 4,194 
2 187422 ilky byt say 67 Do. 8,940 
5 TO, Loo 12,766 14.974 AG O22 
4 15,438 «lth ysl el 0 A OS Spas 
5 lal Aaya 8,499 6, 004 S,UD7 
6 14,067 14,548 5, O94 oy gy) 
Average On ols Le SS Ses YS) 6,124 
Standard SBE ip PAEME) ap oy, (eke: +4,534 +27495 
Deviation ; 
Af 


One per cent concentration, 1 mc/Gm specific activity 
(corrected) hydrocortisone in Aqueous Cream base - 
12.5 per cent dimethyl sulfoxide. 


Z Activity of absorbed hydrocortisone in guinea pig 
dermal tissue. 
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intracutaneous absorption of hydrocortisone the average 
absorption values from Tables I, II, V, VI and VII are 
presented graphically in Figure 8. The magnitude of in- 
crease in absorption due to each concentration or time 
variable is compared to a factor jof one which arbitrarily 
represents the degree of absorption of the zero per cent 


dimethyl sulfoxide preparation at the two hour rest time. 


EFFECT OF DIMETHYL SULFOXIDE CONCENTRATION 

The dermal levels of hydrocortisone at the end of 
the two hour rest period increase as the concentration 
of dimethyl sulfoxide increased from zero to 100 per cent 
(Figure 8 (a) ). All hydrocortisone levels were consid- 
erably greater than those which resulted from the zero 
per cent dimethyl sulfoxide preparation. The 100 per 
cent and 50 per cent preparations resulted in 68.5 and 
59.7 fold increases respectively over the zero per cent 
dimethyl sulfoxide preparation. The 25 per cent prep- 
aration produced an 18.8 fold increase while the 12.5 per 
cent formulation caused an 8.6 fold increase. 

After four hours all of the dimethyl sulfoxide 
preparations again showed a significantly higher dermal 
level of hydrocortisone than resulted from the zero per 
cent dimethyl sulfoxide preparation (Figure 8 (b) ). The 
increase was not as great however as that observed after 
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Figure 8: Relative increases* in the intracutaneous 


absorption of 3H-labeled hydrocortisone 


due to different concentrations of dimethyl 
sulfoxide at various rest times. 


* Relative increases compared to absorption from 0% 


preparation at two hours which arbitrarily has been 
assigned a factor of l. 
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fold increases respectively over the zero per cent - two 
hour rest combination. It is interesting to note here 
that the increase due to 100 per cent dimethyl sulfoxide 
is considerably less than that due to 50 per cent. 

All concentrations of dimethyl sulfoxide again 
produced a significant increase in hydrocortisone ab- 
sorption over that produced by the zero per cent prepar- 
ation after the eight hour rest period (Figure 8 (c) ) 
although the magnitude of this increase was less than the 
increase observed after four hours. As in the four hour 
experiment the 50 per cent preparation caused the largest 
increase, 36.5 fold. This increase is followed by the 
100, 25 and 12.5 per cent dimethyl sulfoxide preparations 
respectively which, in turn, produced 17.6, 9.8 and 4.8 
fold increases. 

The magnitude of the effect of dimethyl sulfoxide 
on absorption was considerably reduced after the 16 hour 
rest time (Figure 8 (d) ). The 100, 50 and 25 per cent 
preparations resulted in 6.7, 9.0 and 7.0 fold increases 
while 12.5 per cent dimethyl sulfoxide caused only a 3.2 
fold increase in dermal hydrocortisone over the zero 
per cent dimethyl sulfoxide preparation at two hours. 
Absorption from the 100 per cent preparation continued 
to decrease faster than that from other preparations and 
in the above analysis appeared to produce less of an 
increase than did the 25 per cent formulation. 


No mathematical constant was apparent which equated 





— 


- 68 - i fo 


r 
ows - ins. WH o7xss ait xevo yisvisoeges: eoesexont 6Lo3 
sie stoa ot eatteersini et ID “sttodtentdmoo teex muod | . 
sbixotiue lydtemth jma> xsq OOL 69 sub easexsai offs todd 
-tme9 t9q°0¢ of sub tadd asad seek yidsxebieno>. aie ~ 

‘et | 

aiseps sbixorl ge {ysis to eneitsautnecnoo LIA <2 
w | ; 

-ds otoaitiocoxbyd ni sesssont tasoitinpis £ besuboxg. a 
~tsqeaq 3Ins> x98q ox19= outs ya peouboxg tsis, x19v0 ead 


( (2) 8 suwpit) boixeq teex wort tdipie edit szstis nobis” 


wort twwotadi ai eA .exon tod 10335 bev xsedo imal 
tespusl edt bsewso noitexaqag jneo 19g 02 ods _ trem xeqxe 
eds yd Pewollot et sesexsat eid? -.bio0% 2.06 \sesexont 
enolisisge1q sbixotiue Lyrltemtb jad 19g @.si bas es OL 
8,5 bas 8.© .8.°l beosbouq amt of dotdw yievitoeqes1 
| -seassxoni Bio? | 
sbixoifue [ydtemrb te tote edt Bo ebusinosm sit 


sworn of sij xedis bespbex yidsishiems esw noisqyoeds no» 
iy 


jasm seq cS bas 02 ,OOL eo® .( (6) 8 siaupid) omit $pex | » 
asesoront blot 0.v bas 0.@ \T.8 mi bedicees anoijsisgeag 
S.€ s ylno Ssetso sbhixotive fydtemib treo t0980q @.S8f barsrisd £5 . 
OmeS sit 1evo snositsoooxbyrl Lamzeb ng seaecns ‘bios | : 
-emon owt 46 toLsstsgetg sbixotive Lyritemi b sues zie 7 
Beunitnon noitsxsgexg tng. s9q end ee noi tc 


Sas nn 2 516q5% a tsrito mans - les - # 
a ill 3 ayn a onsezn “ , 


ae aad dial FS “a id + alii . a 







i 


y 


eveo — 


the degree of intracutaneous hydrocortisone absorption 
with the concentration of dimethyl sulfoxide in the for- 
mulation. The exercise to derive such a factor would 
become purely academic since the absorption data from 
guinea pig skin could not be readily adapted for pro- 
jecting formulations for human use. Some general obser- 
vations, however, can be made from Figure 8. First of 
all, dimethyl sulfoxide had a significant effect on the 
dermal absorption of hydrocortisone even at the minimum 
concentration of 12.5 per cent. Since this formulation 
caused no qualitative discomfort upon application to hum- 
ans its consideration as an adjuvant for topical dermal 
therapy becomes optimistic. Furthermore, the potential 
of dimethyl sulfoxide in this respect is increased by the 
fact that it exerts its effect as early as two hours after 
application. It must be remembered, however, that the 
increase in availability of hydrocortisone in the dermal 
tissues due to the influence of dimethyl sulfoxide does 
not necessarily mean better therapy. For example, the 
mechanism of hydrocortisone action in the therapy of 


inflammation may be interfered with by dimethyl sulfoxide. 


EFFECT OF REST TIME 

The following comparisons again are based on the 
zero per cent dimethyl sulfoxide preparation, two hour rest 
time which has been assigned a factor of one. Figure 8 


shows that the absorption of hydrocortisone from the zero 
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per cent dimethyl sulfoxide preparation increased with 
time although the increase from two to 16 hours was only 
1.5 fold. On the otherhand, dermal hydrocortisone levels 
from all of the dimethyl sulfoxide preparations decreased 
with time. Furthermore, the rate of decrease appears to 
increase as the concentration of dimethyl sulfoxide 
increases. For example, while dermal hydrocortisone 
levels with the 12.5 per cent dimethyl sulfoxide prepar- 
ation decreased from two to 16 hours by factors of 8.6 

to 3.2, dermal levels from 100 per cent dimethyl sulfoxide 
decreased over the same time periods by factors of 68.5 
tomo ar? 

Whether the rates of dermal depletion of hydrocor- 
tisone absorbed from these various preparations are in- 
fluenced by the potential of concentration gradients be- 
tween the dermis and underlying vascular beds or by some 
mechanism of dimethyl sulfoxide cannot be concluded from 
the results of the present investigation. 

The reason for a negative absorption gradient as a 
function of time for the dimethyl sulfoxide preparations 
as opposed to a positive gradient for hydrocortisone 
without dimethyl sulfoxide may be postulated, however, 
by considering a three compartment system made up of the 
stratum corneum, the dermis and the vascular system. 

The slow release of hydrocortisone without dimethyl sulf- 
oxide from the stratum corneum to the dermis results in 


this second phase not reaching a steady state of diffusion 
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through it at the times studied. This is supported by 
Table III where systemic measurements indicated little 
or no drug passed from the dermal phase to the vascular 
Phase before eight: hours. Consequently, at the times 
studied, drug is being built up in the dermis or second 
phase ota betting in increasing dermal levels of hydro- 
cortisone with time. On the otherhand, assuming that a 
steady state is reached in the dermis before two hours 
with the dimethyl sulfoxide preparations, the rate of 
drug leaving this phase to the vascular system is greater 
than the amount of drug entering the dermal phase from 
the stratum corneum. On this basis the greater the 
amount of drug in the dermis, the greater will be the 
concentration gradient between the dermis and vascular 
system and therefore the faster will be the depletion 
rate. This appeared to account for the increased rate 
of dermal depletion as the concentration of dimethyl 
sulfoxide increased. 
C. EFFECT OF DIMETHYL SULFOXIDE ON RATE OF RELEASE OF 
HYDROCORTISONE FROM VEHICLES 

Although the primary mechanism by which dimethyl 
sulfoxide increases the intracutaneous absorption of 
hydrocortisone is expected to occur in vivo through the 
reduction of the skin's main barrier, the possibility 
of an in vitro effect cannot be eliminated. It has been 
shown that the rate of release of a drug by the vehicle 


to the surface of the skin can influence the rate of 
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absorption (175). Therefore, the incorporation of in- 
creasing concentrations of dimethyl sulfoxide in the 
preparations used in this study might influence such 
release by modifying either the viscosity of the prep- 
aration or the solubility of the drug in the prepara- 
tion (176). Consequently, it was decided to compare the 
effect of dimethyl sulfoxide on the rate of release of 
hydrocortisone from the test preparations with the 
subsequent effect observed in absorption. 

In Experiment VI the effect of dimethyl sulfoxide 
on the release of hydrocortisone from the zero, 12.5, 

25 and 50 per cent dimethyl sulfoxide creams was de- 
termined. It was decided to use two and 16 hour diffu- 
Sion periods since the maximum and minimum degrees of 
intracutaneous absorption were respectively shown at 
these times. This effect was studied by determining the 
per cent of hydrocortisone which diffused out of each 
vehicle through a membrane and into another semi-solid 
medium (see p. 61). 

Table VIII gives a relative comparison of the 
effect of dimethyl sulfoxide on the release] of hydrocort— 
isone and of the amount of hydrocortisone in the dermis 
after two hours from each cream tested. As is shown, the 
in vitro increase in release due to dimethyl sulfoxide 
over the zero. per cent spreparation atvally three concen— 
trations was very low when compared to the substantial 


increases in intracutaneous hydrocortisone. 
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By 16 hours the increase in release of hydrocort- 
isone due to 12.5, 25 and 50 per cent dimethyl sulfoxide 
as compared to the zero per cent preparation had changed 
very little from the increases observed after two hours 
(Table IX). However, the increase in intracutaneous 
levels of hydrocortisone from the dimethyl sulfoxide 
preparations over the zero per cent dimethyl sulfoxide 
preparation was substantially reduced by 16 hours. The 
increases, however, were still significantly greater than 
the in vitro increases in release at this time. 

From these results it seems reasonable to assume 
that the i ACREEE in hydrocortisone release from the 
vehicles due to dimethyl sulfoxide do not in themselves 
account for the dramatic subsequent intracutaneous absorp- 
tion. The literature suggests that the primary mechanism 
of dimethyl sulfoxide appears to occur in vivo through a 
physical alteration of the skin barrier to penetration. 
The results of the present investigation also support an 
in vivo mechanism of dimethyl sulfoxide to promote the 


major increase in intracutaneous absorption. 
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SUMMARY AND CONCLUSIONS 


The quantitative effect of dimethyl sulfoxide on the 
transepidermal, intracutaneous absorption of hydro- 
cortisone has been measured using guinea pig skin. 

The intracutaneous absorption of hydrocortisone was 
detected as early as two hours after its topical 
application with and without dimethyl sulfoxide. 
Concentrations of dimethyl sulfoxide ranging from 12.5 
to 100 per cent caused significant increases in the 
intracutaneous absorption of hydrocortisone at each of 
several rest times studied. 

The major effect of dimethyl sulfoxide on the intra- 
cutaneous absorption of hydrocortisone appeared to 
occur within two hours after topical application. 

The levels of hydrocortisone in the dermis decreased 
with increasing rest times in the presence of dimethyl 
sulfoxide and the rate of decrease appeared to acceler=- 
ate as the concentration of dimethyl sulfoxide was 
increased. 

The primary mechanism by which dimethyl sulfoxide en- 
hances the intracutaneous absorption of hydrocortisone 


appeared to be by a direct effect on the skin barrier. 
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